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MISSILE 

BUILDING BLOCKS 

Aerospace Hardware 
from Aerojet-General 

Nose cones .. . warheads , . . internal 
and external insulation. ..plastic fins... 
nozzle and exit cones . . . rocket cases 
. . . thrust chambers . . . igniter units .. . 
internal pressure vessels. This is 
the flying hardware of the Space Age. 

The Structural Materials Division 
develops and fabricates the ultimate in 
high-strength, light-weight, 
temperature-resistant components for 
missiles. The division 
contributes to America's major missile 
and space programs-to MINUTEMAN, 
HAWK, POLARIS, BOMARC, NIKE- 
HERCULES, and TITAN. 

Aerojet's achievements in the structural 
materials field are based on extensive 
investigations of metals, plastics, 
and ceramics and on new approaches 
to filament winding, plastic lamination, 
and other composite fabrication 
processes. 


Structural Materials 
Division 




Engineers, scientists— investigate outstanding opportunities at Aerojet 



Ready Now! A Reliable Family of 
Transistorized Time Delay Devices 
— available on time from Hydro-Aire 


These fully-transistorized time delay devices are but nine of a widely diversified family 
including relays, sequence timers, computer timing modules and time-programmed, system 
supervising units— all custom-designed, built and on-time delivered by Hydro-Aire. Perhaps 
one of these proven designs meets your specifications. If not, we will custom-design to your 
requirement. All of our time delay devices are compactly designed, available for AC or DC 
operation, and conform to applicable Mil Specs. These devices typify the many reliable elec- 
tronic products being designed, developed, produced and on-time delivered by Hydro-Aire. 


CHARACTERISTICS: TIME DELAY RELAY MODEL 50-085 

Size— 2%” x l >/ 2 ’■ X 1 >/ 2 " 

Weight - 4 oz. + 

Time delay range — adjustable over one decade; 6 to 60 seconds with —5% accuracy 
Life: 100,000 operations at rated contact load 
Maximum power required: 50 ma at 24-31 VDC 

Temperature range: — 55°C to + 71’C as standard; to + 125 C available on special request 

WRITE FOR ELECTRONICS CATALOG. A note on your letterhead brings a 
free copy, containing detailed facts and specifications. If you have a time delay device 
requirement, include your specifications for a prompt quote. 







ROLLWAY Precision Radial Roller Bearings 

designed for the space age 



Acceleration and deceleration shocks! Multi- 
ple G forces, both radial and axial! Plus thermal 
variations in the extreme! Each makes new 
demands on design and materials. All require 
advanced concepts in the alloying, melting, 
forging, grinding, dimensioning and stress 
relief of high-temperature, tight-tolerance 
bearing metals. 

Already operational in out-front aeronautical 


COMPLETE LINE OF RADIAL AND THRUST CYLINDRICAL ROUER BEARINGS 


applications, new and more sophisticated Roll- 
way Precision Radials are on the boards or 
undergoing R&D for top aircraft producers. 

For a quick view of dynamic capacities, load 
ratings, limiting speeds, etc., ask for Precision 
Radial Catalog No. AR159. For a glimpse into 
otentials, let our R&D men discuss the possi- 
ilities with you. Rollway Bearing Company, 
Syracuse, N. Y. 


ROLLiuny- 


AVIATION CALENDAR 


Jan. 9-11— Seventh National Symposium on 
Reliability and Quality Control, Bcllc- 
vue-Stratford Hotel, Philadelphia, Pa. 

Jan. 9-13— International Congress and Ex- 
position, Society of Automotive Engi- 
neers, Cobo Hall, Detroit, Mich, 

Jan. 15-18— 13th Annual Convention, Heli- 
copter Assn, of America, Cherry Hill Inn, 
Haddonfield, N. J. 

Jan. 16-18— Seventh Annual National Meet- 
ing, American Astionautical Society, Dal- 
las, Tex. 

Jan. 17-19— Winter Instrument-Automation 
Conference & Exhibit. Instrument Soci- 
ety of America, Jefferson Hotel and Kiel 
Auditorium, St. Louis, Mo. 

Jan. 23-25— 29th Annual Meeting, Institute 
of the Aeronautical Sciences, Hotel Astor, 
New York, N. Y. Honors Night Dinner, 
Jan. 24. 

Feb. 1-3-Second Winter Military Elec- 
tronics Convention, Institute of Radio 
Engineers, Biltmore Hotel, Los Angeles. 

Feb. 1-3— Solid Propellants Conference, 
American Rocket Society, Salt Lake City. 

Feb. 14-16-Second Annual Symposium on 
Non destructive Testing of Aircraft and 
Missile Components (unclassified), So- 

Southwest Research Institute, Gunter 
Hotel. San Antonio, Tex. 

Feb. 15-17— International Solid-State Cir- 
cuits Conference. Institute of Radio En- 
gineers, Sheraton Hotel, Philadelphia. 

Mar. 5-9— Sixth Annual Gas Turbine Con- 

Mechanical Engineers. Shorcham Hotel, 
Washington, D. C. 

Mar. 9-10— Second Symposium on Engincet- 
(Continucd on page 6) 




Report No. 13 

Type CC 506 Thrust Control System 

Designed for tactical artillery weapons, this system maintains the 
thrust levels of liquid propellant rocket engines at specified magni- 
tudes. Its sensitive SM/I-designed pressure transducer measures 
combustion chamber pressure and is statically and dynamically 
accurate even in the extreme shock and vibration environments 
of the missile. When the transducer detects a deviation from the 
pre-set reference pressure, it generates an error signal. This signal 
is amplified and transmitted to a servo controlled valve which 
restores the pressure to the proper setting. The amplitude of the 
signal is proportionate to the magnitude of pressure change. Heart 
of the transducer is a unique, SM/I-developed twisted Bourdon 
tube that combines high pressure sensitivity (rotational move- 
ment) and low acceleration and vibrational sensitivity (linear 
movement) . A 300 PSI unit has only a .2% error under 15 g's 
vibration and 10 g's acceleration and withstands 20 g’s shock 
without disturbing its setting. 


Typical 

Technical 

Data 



For more information and complete operating specifications, write 
or wire SM/I today. Address your inquiry to Stanley M. Ingersoll, 
Capabilities Engineer. 
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The SWAMI MOTION ] 

intrusion detector system that a 
ultra high radio frequency energy sensitive to 
motion or displacement of an intruder. It is fail si 
install, easily operated. And, it is virtually impoi 
found with counter-measures: any tampering v 

Effective Range: From inches to hundreds of feet, 
unit. Surveillance can be maintained over a full ai 
cally. 

Flexibility: It can function as an omnidirectional or directional 
system, and can determine relative or absolute speeds of 
moving targets. 

Durability: The sensor unit of the SWAMI MOTION DETEC- 
TOR is shock-resistant, and its service life compares favorably 
with that of conventional vacuum-tube detection devices. 
Power Supply: Standard 115-volt outlet current or any battery- 
supply DC. Write for free brochure to: slNeeR , 

^<1? SINGE R-B RIDGE PORT Wjn& 




HOT BANJO Anticipating the need for space and weapon system electronics 
to operate in a severe radiation environment, Bendix is developing equipment 
that resists both transient and cumulative degradation, or activation. To ex- 
perimentally simulate this environment, electronic modules in a “hot banjo” 
test chamber are placed next to a fission plate which is inserted in the core 
of a 1 Mw reactor to triple the fast neutron flux. Such Bendix research is 
providing the keys to advanced system development. Positions are available 
to better engineers and scientists. 


BENDIX SYSTEMS DIVISION 

ANN ARBOR, MICHIGAN 
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Now the Polaris is on patrol. Tire USS George Washington put to sea in November with an 
operational Polaris in each of its sixteen launching tubes. It will roam the deep for weeks on 
end — a missile base safe from surprise attack that will take the Polaris within range of any 
strategic target on earth. This mating of ballistic missile and nuclear-powered sub by the U.S. 
Navy marks the start of a new era of naval strategy. It brings real hope for enduring peace 
because it makes the penalty for aggression so certain and so harsh. Prime contractor 
and system manager for the Polaris missile: The Missiles & Space Division of LOCKHEED. 



EDITORIAL 


Laurels (or 1960 


The year now closing has brought basic changes in 
public attitudes toward aerospace problems and the first 
indications of a quickening pace for the years ahead. It 
was a year in which outstanding U.S. achievements in 
aerospace balanced more closely the frustrations and 
failures of prior years as many aspects of the new tech- 
nologies emerged from development cocoons into initial 
operational forms. As the year ends, there are signs that 
a more vigorous and technically sound national direction 
may be emerging that will permit the scientific, engi- 
neering and industrial resources of this country to forge 
ahead, if not at the full-throttle pace of an emergency, 
at least at maximum cruise speed compatible with main- 
taining superiority for the long hard pull that faces this 
nation. 

Here are the people, organizations and projects that 
we think merit permanent listing in the logbook of 
aerospace achievements during 1960: 

• Gen. Thomas S. Power, chief of Strategic Air Com- 
mand, for his work in bringing this key clement of U.S. 
military strength into an effective transition to the mixed 
force concept, adding the ICBM and laying the founda- 
tions for the effective military operational use of outer 

• Elwood R. "Pete” Qucsada. Federal Aviation Agency 
chief, for his courage in handling the Electra safety prob- 
lems on technical grounds in the face of intense political 
and emotional pressure and for his general forward- 
driving course toward better air safety. 

• Terry Drinkwater, president of Western Airlines, for an 
outstanding job of airline management using relatively 
limited resources to produce outstanding financial and 
operational results. 

• Hilliard Paige, boss of General Electric's Missile and 
Space Vehicle Department and his technical staff for 
their outstanding achievements in re-entry vehicles and 
data capsules and for spearheading a broad advance across 
the whole spectrum of space technology. 

• Scott Crossfield. North American Aviation test pilot, 
not only for his initial proving flights in the X-15 but 
also for producing an honest, technically accurate, sound 
addition to the aerospace bookshelf with his autobiog- 
raphy “Always Another Dawn,” 

• C. L. “Kelly” Johnson, Lockheed vice president for 
advanced developments, belated recognition for his 
superb job in designing the special purpose, high altitude 
U-2 reconnaissance plane that was able to photograph the 
Soviet Union for four years without interference. 

• John Stack of the National Aeronautics and Space 
Administration and his Langley Research Center asso- 
ciates for their successful fight to keep aeronautical re- 
search alive, particularly on the supersonic transport and 
NATO projects. 

• Thomas Gates, secretary of defense, for his fine job of 
making the Defense Department machinery work faster 
and more efficiently in the relatively short period avail- 


able to him to rectify the errors and indifference of his 
two predecessors in the Pentagon. 

• Brig. Gen. Don Flickinger, assistant for bio-astro- 
nautics to the Air Research and Development com- 
mander, for his original efforts to organize the founda- 
tions for a bio-astronautics program in this country and 
his dogged persistence in pushing his program despite 
a wide variety of official roadblocks. 

• Boeing Airplane Co., for its drive to dominance in the 
jet transport field with its 707, 720 and 727 series. 

• Jim Austin, president of Northeast Airlines, for his 
airline's drive to gather a significant share of the toughest 
competitive airline market in the country— the Boston- 
N.Y.-Washington commuter pattern. 

• National Aeronautics and Space Administration, Air 
Force, Army, Navy and their industry contractors for 
providing the first steps demonstrating the practical op- 
erational uses of space technology with Tiros I and II 
weather satellites, Courier active communications re- 
peater, Echo passive communications satellite. Transit 
navigation satellites and the Discoverer series. 

• Walter T. Bonncv, NASA director of information, for 
doing the best job of any government information officer 
at keeping the press and public adequately informed on 
the progress of space technology in the face of extremely 
difficult official problems. 

• Vice Adm. William F. “Red” Raborn for his ramrod- 
ding of the Navy's Polaris solid-fuel missile into initial 
operational duty in a submarine at sea less than five years 
after the program was organized. 

• Dr. Stark Draper and his Massachusetts Institute of 
Technology group for their pioneering work on develop- 
ment of inertial guidance systems that came to fruition 
in operational use with Polaris and Titan. 

• Navy Cmdr. John N. Davis for his two closed-course 
world speed records set with the McDonnell F4I1 fighter: 
1,390 mpli. for 100 km. and 1,216 mph. for 500 km. 

• Sen. A. S. Mike Monroncy and Rep. Mendel Rivers 
for their leadership of a successful congressional cam- 
paign to begin the modernization of the Military Air 
Transport Service cargo transport fleet with jet cquip- 

• Vice President-elect Lyndon B. Johnson for his skill- 
ful and effective operations as Senate majority leader, 
which resulted in a modernized and increased defense 
budget for Fiscal 1961. 

• Brig. Gen. Irving Branch for his efforts to revitalize 
the Aircraft Nuclear Propulsion program, combining 
more effective management and more advanced tech- 
nology. 

• Navy, Lockheed and Booz Allen & Hamilton for hav- 

ing developed the effective PERT management tech- 
nique for complex weapon system development pro- 
grams, and to the Air Force for its willingness to acquire 
a good idea from a sister sendee and further develop it 
for its own needs. —Robert Hotz 
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For Designers with a Time Problem . . . 

KLIXON* PRECISION SWITCH AND THERMOSTAT 
PACKAGES DESIGNED AND DELI VERED - FASTI 


Parts Numbers Assigned at Once for Use in Parts Lists. 

More and more designers “put the bee” on us by 
ordering a complete thermostat or switch package. 
These specials include unique mounting configura- 
tions, connectors, leads, actuators, ganging of basic 
units, potting, etc., to customer’s design needs. 

Many times this component is last on the check 
out list and has to be rushed in order to “button 
up” the design. 

That’s where our special "hurry up” facility 
answers the prayer of the designer who wants to 
cut red tape fast and have deliveries made yesterday. 


Tell us your mounting or actuation problem. 
Give us your temperature, electrical rating, life 
cycles and vibration per mil “call outs”. Our 
standby team of designers will assign a part number 
at once — and then meet unbelievably fast delivery 
requirements with precision made and tested 
products. 

The basic thermostat used is the KLIXON 
hermetically sealed, Ml Thermostat, a highly vi- 
bration resistant, snap-acting, fixed-temperature 
type. The basic switches used are KLIXON KX 
and AT series hermetically sealed switches. 


I Write for 
complete 
technical 
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Leroy E. Bonnette, director of engineering. 
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Honors and Elections 

Harold D. Hockstra, Projects Contrr 
Officer, Engineering and Manufactc 
Division. Federal Aviation Agency, Bu 
of Flight Standards, has been name 
Fellow of the Royal Aeronautical Socict 
Great Britain. 
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Lear, Ii 
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Large Jet Engine Department has been 
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mittee, Aerospace Industrie 
ington, D. C„ succeeding H. A. Wadsworth 
of the Convair Division of Ccneral Dy- 
namics Corp. Also: R. H. Lambka of the 
Bench's Corp.. vice chairman, succeeding 
G. W. Jaimet of the Allison Division of 
Ccneral Motors Corp. 


INDUSTRY OBSERVER 

► New technique which may enable an anti-ICBM defense radar to dis- 
tinguish between warheads and decoys and between single and multiple 
targets has been developed by General Atronics Corp. under Rome Air 
Development Center sponsorship. This technique, not yet proven in an 
operating radar, uses special modulation and multiple intermediate fre- 
quency amplifiers in the radar receiver to extract increased information 
directly from radar echos, including direct measurement of target velocity, 
acceleration and spin. The technique also has application to sonar. 

► Federal Aviation Agency has taken over direction and systems manage- 
ment of the joint FAA-Air Force-Weather Bureau automatic weather obser- 
vation-forecasting svstem (433-L) development program from Air Force and 
United Aircraft Corp. Program will now have more modest objectives and 
funding will be cut a third. United Aircraft still will have a major role but 
relinquishes systems management responsibility. 

► Proposals for an Air Force earth satellite weapon system are due in March. 
Two categories involved are a strategic low altitude orbital bomber (SR- 
79821) for deployment up to 20,000 naut. mi., under Ballistic Missile 
Division cognizance, and a strategic high altitude orbital bomber to operate 
above 20,000 naut. mi., under Wright Air Development Division. 

► Feasibility- of an all-plastic airframe for the Piper PA-29 Papoose is under 
study at Piper’s Vcro Beach development center. Papoose is a low-wing, two- 
place, tricycle gear lightplane being designed to sell for less than 55,000 
(AW Nov'. 10, p. 37). It will have a sliding bubble canopy and single sryept 
tail. Piper also is developing a higher-powered model of the Parvnee argricul- 
tural aircraft, using a 250 hp. Lycoming engine derated to 235 hp. 

► Air Force will instrument one of three Titan training facility silos at 
Vandcnbcrg AFB for remaining objectives in the operational suitability test 
facility program. Titan explosion damaged the OSTF silos too extensively 
for repair to be practical. 

► Navy will evaluate the Kaman IIU2K as an anti-submarine warfare aircraft. 
The helicopter's ASW equipment will be a Raytheon AQS-12 dipping sonar 
system rvcighing 300 lb. and using a 300-ft. cable, considerably longer than 
cables on currently operational sonar systems. 

► Nike Zeus test vehicles will be fired at inert Atlas warheads capable of 
deploying decoys in later phases of the test program at Kwajalcin Island. 
Initial phase is scheduled to begin next summer with Zeus shots against 
Atlas-D ICBM rvarheads without decoy capability. Atlases will be fired 
from Vandcnbcrg AFB. 

► Navy has narrowed the group of contenders for its new Typhon surface- 
to-air missile system to about a half dozen companies. The group includes 
McDonnell Aircraft Corp. and Raytheon. 

•►Dual-function Sundstrand Aviation electric starter-drives will be used on 
the Boeing 727’s Pratt & Whitney JT8D engines to eliminate the need 
for compressed air starter units now used with jet transports. Using a con- 
stant speed drive, the Sundstrand unit will use external poyvcr to operate as 
a starter, then become a 400 cps. a.e. generator after the engine is started. 

► Proposals for a study contract to survey Pacific Missile Range requirements 
for a medical-technology facility arc due Jan. 3 at the Navy Procurement 
Office in Los Angeles. Companies invited to submit proposals for fixed 
price contracts include Avco Research, Douglas, Autonetics, Hadden Byrne 
& Co., Medtronic, Stanford Research Institute and Minneapolis-Honcywcll. 

► Japanese National Self Defense Agency Ground Staff is expected to begin 
operations research on a high speed reconnaissance aircraft in the next fiscal 
year. Ground Staff originally wanted to build an aircraft like the Grumman 
Mohawk turboprop but Japanese manufacturers reported that it would be 
impossible to build such an advanced type on the budget proposed. 
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?? the day has arrived 

when we have seen our 
pioneer concepts in EBW 
accepted as the best approach 
to missile ordnance. Our 
continuing leadership in the 
EBW field now rests on providing 
the industry not merely with 
advanced components... 
but complete systems built 
upon the base of our unequaled 
knowledge and experience 
in the EBW field. 99 


EBW was developed at Librascope/ Sunnyvale by combining modern elec- 
tronic technology with the physics and chemistry of explosives. Rugged tests 
have proven EBW’s immunity to premature initiation from stockpile to 
target. A note to Librascope/ Sunnyvale, 670 Arques Avenue, Sunnyvale, 
California, will put you in direct contact with the country’s leading scientific 
team devoted exclusively to EBW systems. 


Livelier Space Council 


NASA Supplemental 


ANP Milestone 


Washington Roundup 

An extremely active National Aeronautics and Space Council can be expected now 
that President-elect John F. Kennedy has named Vice President-elect Lyndon Johnson 
as its chairman. Kennedy left unanswered what part lie will play personally. The Space 
Act states that the President “shall preside over meetings," but this and a number of 
other things may be changed. 

President Eisenhower never appointed a civilian staff. Johnson is expected to do 
this, probably picking Kenneth E. BcLieu or Max Lehrcr as executive secretary at 
$20,000 a year. BeLieu has been staff director and Lehrcr assistant staff director of 
the Senate Committee on Aeronautical and Space Sciences. Both are close to Johnson 
and have been prime movers in the Senate committee’s work. Lehrcr also is considered 
a strong possibility for the comptroller’s job in the Defense Department. 

Advice to the President on scientific matters will be handled quite differently in the 
new Administration if Dr. Jerome B. Wiesner of Massachusetts Institute of Technology 
succeeds Dr. George B. Kistiakowskv as the chief White House science aide. 

Wiesner, who was Kistiakowskv's personal choice as a successor, feels the current 
Scientific Advisory Committee has directed Defense Department scientific matters to a 
far greater degree than should be necessary, chiefly because too many people in technical 
jobs at the Pentagon weren’t sufficiently able in technical matters. 

Wiesner headed the technical staff of the Gaither Committee and has offered 
advice on defense matters to the Kennedy group since before the national political 
conventions. 

Congress will be asked for a special supplemental appropriation of about $50 
million by National Aeronautics and Space Administration. The money would pay 
for NASA’s active communications satellite program, the Rover nuclear rocket program, 
the Ccntuar liquid hydrogen upper stage rocket and the Scout solid rocket. Major 
portion of the funds are for the communications satellite work. 

Industry is pushing USAF Maj. Gen. Joseph "Smoky” Caldara for FAA adminis- 
trator because of his background in aviation safety. Najeeb E. Halabv, secretary-treasurer 
of Aerospace Corp. and a board member of the Flight Safety Foundation,' also is a 
strong candidate. He is a former Navy pilot and associate of Laurence Rockefeller, was 
a deputy assistant secretary of defense, and helped write the Curtis report on aviation 
facilities. Kennedy’s personal choice at the moment appears to be Clarence D. Martin, 
southern California businessman. Martin also is being considered for secretary of the 
Navy (see p. 21). Eastern Air Lines Capt. Jimmie H. Singleton also is seeking the job. 

Dave Black, assistant attorney genera) of Washington state is a likely appointee 
to the Civil Aeronautics Board, while Alan Boyd, now a member, is being pushed by 
Kennedy’s close friend, Sen. George Smothers (D.-Fln.) for the chairmanship. 

Trevor Gardner, trustee of Aerospace Coq>. (see p. 21) and former USAF assistant 
secretary for research and development who resigned in protest over Eisenhower defense 
policies, is a strong contender for the job as Kennedy’s arms control director, either in 
the White House or at State Department’s disarmament unit. 

Aircraft nuclear propulsion program passed a major technical milestone in mid- 
December with the first successful nuclear start of General Electric’s HTRE-3 engine. 
Earlier tests required starting and running on conventional fuel until the reactor reached 
proper operating conditions. 

Meanwhile, the program faces the worst budgetary hurdle in the past 10 years. 
The Budget Bureau still refuses to release Air Force’s Fiscal 1961 funds for engine 
machinery development. Counterpart Atomic Energy Commission funds for reactor 
development have been released. The money is split about 50-50 between the two 
agencies, totaling $150 million in the Fiscal 1961 budget. 

A major overran on its first big development program has hit the Federal Aviation 
Agency’s Bureau of Research and Development hard. The program is General Precision's 
automatic data processing system. 

To prevent future overruns, the bureau has tightened procurement policies dras- 
tically, using fixed-price contracts wherever possible, introducing maximum ceilings on 
cost-plus-fixcd-fcc contracts, and inserting penalty clauses for late delivery in a few 
contracts. It also is using increased profit incentives where the contractor is able to 

The usual passion for abbreviation in weapon system names has led one company 
to call its study on an Air Force strategic low orbit bomber (see p. 1 3) by a distinctive 
atromm-SLOB. 

—Washington Staff 
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Mercury Flight Test Tempo Quickening 


Atlas, Little Joe, MR-2 will follow MR-1 success; 

Redstone-boosted manned mission may fly in March. 

By Edward H. Kolcuin 

Washington— Tempo of the Project Mercury flight test program will 
increase following the successful ballistic flight last week of a production-line 
capsule in a mission designed to qualify the manned satellite structure and 
some of its components in the space environment. 

Redstone-boosted (MR-1) capsule flight was made Dec. 19. and will be 
followed quickly by these three development launches: 


• Mercury-Atlas 1 (MA-1), in a repeat 
of a test of capsule performance in a 
high-angle re-entry which failed in July 
(AW Aug. 8, p. 26). 

• Little Joe, repeating qualification 
test of the capsule in a maximum pres- 
sure abort which failed last month 
(AW Nov. 14, p. 34). 

• Mcrcury-Redstonc 2 (MR-2), which 
mav cany a chimpanzee on a ballistic 
flight. Launch could be made in mid- 
January and if successful, would set 
the stage for MR-3, a manned ballistic 
flight, possibly by March. 

McDonnell Aircraft Corp. has deliv- 
ered eight capsules in an order which 
will total 24. Four capsules have been 
flown, and four are ready for early test 
launches. Present plan is to use each 
capsule only once. 

Precise profile flown by MR-1 is a 
milestone in the Mercury development 
program because it was the first com- 
pletely successful rocket-boosted mis- 
sion with a production capsule payload 
in three attempts (AW Dec. 5, p.’ 30). 
Atlas and Little Joe profiles will be 
flown again. 

Redstone malfunction Nov. 21 was 
fixed with some relatively minor 
changes, and the same capsule was used 
for the MR-1 experiment. 

Fast Recovery 

Adding to the optimism of the Dec. 
19 test was quick recovery of the cap- 
sule, even though high winds carried it 
15 mi. beyond the expected impact 
point to a 235-mi. range. Marine HUS 
helicopter picked the capsule up 31 
min. after launch and 15 min. after it 
landed. 

The one-ton capsule was deposited 
on the deck of the aircraft carrier USS 
Valley Forge 17 min. after it was 
recovered. 

Project engineers are now making a 
detailed analysis of the structure and 
components and plan to test to de- 
struction some of the structural ele- 
ments, such as exterior shingles, in order 
to determine the effects of space flight 
on tensile strength. The capsule ap- 
peared to be in excellent condition 


when it was returned to Hangar S at 
the Atlantic Missile Range, with the 
only visible damage being a broken 
pane of glass in one porthole. Broken 
pane is the outermost of three panes, 
and breakage did not affect watertight 
integrity or internal capsule pressure. 

When the capsule was opened after 
its flight, all batteries were live, all 
cockpit illumination lights were on, the 
system sequence indicators showed a 
normal flight had taken place, the ven- 
tilation fan was working, and the re- 
covery light was flashing. 

Actual flight differed from the pro- 
gramed profile only in impact range, 
attributed to winds of nearly 100 mph. 
at altitude. Tire 16-min. mission began 
with a 140 sec. boost phase during 
which gravity forces built up to 6g 
and velocity to 4.200 mph. At Redstone 
bumout, the escape tower was jetti- 
soned and three posigrade rockets under 
the heat shield were ignited to ensure 
separation. Automatic stabilization and 
control system hydrogen peroxide jets 
then damped out capsule oscillations 
and, five seconds after separation, 
fumed it 180 deg. so the heat shield 
was forward. 

The vehicle coasted to 135-mi. alti- 
tude, and near apogee, reaction control 
jets lifted the capsule face 35 deg. above 
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horizontal in order to orient it for retro- 
rocket ignition. Retrorockets were 
fired, and the rocket package beneath 
the heat shield was jettisoned. The 
stabilization and control system oriented 
the capsule in a shield-down attitude, 
and it fell free to 21,000 ft., when the 
drogue parachute deployed. Re-entry 
forces of lOg were recorded. 

At 10,000 ft., the antenna housing 
was jettisoned and the 63-ft. ringsail 
main parachute deployed. Redstone 
heat shield was beryllium, but an ablat- 
ing shield will be used on MA capsules. 

National Aeronautics and Space Ad- 
ministration's Space Task Group is ex- 
perimenting in Redstone flights to de- 
termine the optimum altitude at which 
to deploy the drogue chute and to de- 
termine whether oscillations Will cause 
premature deployment at high altitude. 

Among manned satellite components 
tested in the flight were separation 
rockets and retrorockets. a modified in- 
strument panel (AW Dec. 19, p. 27), 
recovery aids and performance sensors. 
Communications System 

The communications system in- 
cluded two four-channel telemetry 
transmitters which provided continuous 
data on vehicle attitude and environ- 
ment. Heating, pressure, noise and 
vibration were measured by 90 sensors 
in the capsule. 

Booster used in the MR program in- 
corporates a number of significant alter- 
ations in the standard tactical Redstone. 
Among the modifications made by 
NASA’s Marshall Space Flight Center 

• Container section, elongated by add- 
ing 6 ft. to the tank and 6 ft. to the 
booster to increase fuel capacity for 20 
sec. more burning time. Vehicle is S3 
ft. long compared with the 69 ft. Red- 
stone. Takeoff weight is 66,000 lb., 
5,000 lb. more than Redstone. 

• Engine, modification of the advanced 
A7 Redstone, fueled by alcohol and 
liquid oxygen instead of Hydync and 
Lox for more reliable fueling operations. 
Liftoff thrust levels-78,000 lb.-are 
identical. 

• Abort system, developed specifically 
for the MR program. System was car- 
ried open loop on MR-1 flight so its 
operation could be assessed for later 
missions. Sensors monitor pitch, yaw 
and roll in attitude and angular velocity, 
voltage loss, connector separation, and 
combustion chamber pressure. 

• Control system, using minimum drift 
LEV-3 autopilot connected to carbon 
vanes in the propulsion exhaust and jet 

• Instrument compartment and adapter 
section were designed to house sensors 
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REDSTONE-BOOSTED Project Mercury cap- 
sule is ready for launch on its first successful 
suborbital flight. Capsule went to 135-mi. 
altitude and 2>S-ml. range. 

in a pressurized compartment and pro- 
vide a stable means of joining booster 
and payload. 

Booster performance during the flight 
was recorded on the basis of measure- 
ments by 50 sensors. 

NASA Space Task Group had de- 
termined prior to the MR-1 mission 
that helicopters would be the primary 
means of capsule pickup, limited only 
by a maximum flight over water of 75 
mi. Recovery force in the high-prob- 
ability landing area for the MR-1 mis- 
sion consisted of six destroyer-type ships 
and an amphibious dry dock. 


National Security 
Urged in Jackson 

Washington— Senate National Policy 
Machinery Subcommittee criticized the 
highly institutionalized and ' ritualistic 
nature of the National Security Council 
and urged that it be reorganized into a 
small group to advise the President 
effectively on top— and only top-na- 
tional security issues in a report issued 
last week. 

The group, headed bv Sen. llenrv 
Jackson (D.-Wash.). pictures NSC as 
a "police paper production system 
aiming at "agreement" rather than the 
best solution, and as ineffective in 

The council now holds regular weekly 
meetings with as many as 30 to 40 
officials attending. The subcommittee 
commented that "the sheer number of 
participants . . . limits the depth and 
dilutes the quality of the discussion." 
The statutory NSC members are the 
President. Vice President, the Secre- 
taries of State and Defense, and the 
Director of Civil Defense Mobilization, 
The statutory adv isers arc the Director 
of the Central Intelligence Agency and 
the Chairman of the Joint Chiefs of 
Staff. 

Planning Board 

NSC is overshadowed in importance, 
if not prestige, the subcommittee said, 
by its Planning Board, "the heart" of 
the policy paper production system. 
This substructure is composed of inter- 
agency representatives at the assistant 
secretary level and is responsible for 
the final content and language of the 
reports considered bv the Council. 
“The Planning Board, by it- very 

developing and bringing forward im- 
aginative and sharply defined choices, 
particularly in uncharted areas of policy. 
Inter-agency committees of this kind 

common denominator solutions. T'hcy 
can comment, review, and adjust. But 
they are not good instruments of in- 

Noting that the main source of 
‘‘imaginative proposals is the indi- 
vidual. the subcommittee suggested that 
in the interest of “an agreed solution." 
the Planning Board tends to "blur the 
edges and destroy the coherence of 
these proposals." 

Another substructure, the Operations 
Coordinating Board, which has the task 
of follow-through on council decisions, 
the subcommittee noted, is also an 
inter-agency group and “lacks command 
authority. It can advise, but not direct, 
the operating agencies." OCB, com- 


Council Clianges 
Group’s Report 

posed of representatives at the under 
secretary level, "has little impact on 
the real coordination of policy execu- 
tion. Yet. at the same time, the 
existence of this elaborate machinery 
creates a false sense of security by in- 
viting the conclusion that the problem 
of teamwork in the execution of policy 
is well in hand." 

Commenting that NSC policy papers 
are "mere statement of aspirations” 
unless they result in action, the sub- 
committee added: 

"They arc policy only if they cause 
the government to adopt one course of 
conduct and to reject another, with one 
group of advocates ‘winning’ and the 
other ‘losing.’ It appears that many of 
the papers now emerging from the 
Council do not meet the test of policy 
in this sense.” 

Recommendations by the Jackson 
subcommittee were: 

• Council should meet when the Presi- 
dent wishes advice on some matter. 
Regular meetings tend to generate 
business not demanding presidential 
attention simply because of the neces- 
sity of having "something" to discuss. 

• Objective of Council discussions 
should be to present sharply divergent 
views of advocates. The goal is not to 
spare the President the necessity of 
elioice, but to make his choice more 
meaningful, the subcommittee said. 

• Council meetings should be kept 
small, and top officials, not aides, 
should present what “they themselves" 
think— not some "agreed to" position. 

• Planning Board function should be to 
criticize and comment on policy 
initiatives developed by the depart- 
ments and not the securing of de- 
partmental “concurrences.” Outside 
committees of distinguished citizen- 
occasionally could be “highly useful in 
introducing fresh perspectives on crit- 
ical problems." 

• “The case for abolishing the OCB is 
strong." Responsibility for implementa- 
tion of a policy cutting across depart- 
ment lines could be assigned an "action 
officer." 

• A member of the Council of Eco- 
nomic Advisers might replace the direc- 
tor of Office of Civil Defense Mobiliza- 
tion as statutory member of NSC. The 
OCDM director was designated to 
bring “domestic perspective” to the 
council, but. the subcommittee pointed 
out, OCDM focuses on mobilization 
problems of wartime emergencies. 

• NSC should participate at the target- 
setting stage of the annual budget 
preparation to assure that its views arc 
reflected. 
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USAF May Order Fluorine Rocket Engine 


By Michael Yaffee 

Air Force, seeking more payload for 
its satellites, is expected to award Bell 
Aerosystems a contract shortly for work 
on a fluorine rocket engine in the 15,- 
OOO-lb.-thrust class. 

The engine could evolve into a 
powcrplant for a new high-energy 
upper stage that would be used on an 
Atlas in place of the Centaur. A 
fluorine-powered vehicle with approxi- 
mately the same exterior dimensions 
as the Centaur stage could carry almost 
50% more pavload. 

Air Force Ballistic Missile Division 
is known to be interested in the devel- 
opment of a more powerful second 
stage for the Atlas booster and is doing 
a significant amount of planning along 
this line. Because of past and current 
controversies, however, BMD will not 
issue any bid requests or even discuss 
a definite program for any high-energy 
upper stage until it develops a definite 
mission requirement for such a vehicle. 

BMD may propose the vehicle for 
several Air Force systems and missions. 
Some observers feel sure that at least 
the initial payloads for any new Air 
Force high-energy upper stage that is 
developed will be satellites. One 
likely candidate is the passive communi- 
cations satellite that may result from 
the Air Force’s Project Csar (AW 
Dec. 19, p. 71). 

Centaur Envelope 

At present BMD is interested in a 
vehicle that would fit roughly the Cen- 
taur stage envelope. It is faster and 
less expensive, one Air Force officer 
points out, to change the second stage 
rather than to alter the big first-stage 

Both Bell and BMD say they now 
have enough fluorine rocket experience 
to build a fluorine engine and have it 
ready for its preliminary flight rating 
test within 24 months. 

In addition to developing a definite 
mission requirement, BMD finds it 
must overcome the prejudices associ- 
ated with the use of fluorine. Prime 
current bogy, says one BMD officer, is 
the fear of launch disasters in the event 
of an abort or propellant spillage. 


Ballistic Missile Division is quick to 
point out that even if a definite require- 
ment develops for a new high-energy 
upper stage, there is no guarantee that 
it would use fluorine or fluorine-based 
oxidizers or that, if it did. Bell would 
win the contract. At this time, one 
officer declares, there is no significant 
connection between the pending con- 
tract to Bell for work on a fluorine 
rocket engine and the BMD's antici- 
pated requirement for a new high- 
energy upper stage vehicle. 

Nevertheless, it is generally felt that 
the engine contract, which is now at 
ARDC headquarters for approval, will 
make Bell a prime contender for the 
Air Force’s high-energy upper stage pro- 
gram if it materializes. For one thing, 
it is known that Bell has already pre- 
pared a proposal for a high-energy 
upper stage based on a fluorine rocket 
engine. For another, the several new 
and highly promising high-energy pro- 
pellant systems now under studv (AW 
Dec. 5, p. 38) fall far behind fluorine 
in their state of development. 

There seems to be little question 
that the Air Force wants and needs 
higher performance in its satellite car- 
rier vehicles. In its Discoverer pro- 
gram, for example, the Air Force has 
switched to RJ-1 fuel from RP-1 in the 
Atlas just for a fractional gain in spe- 
cific impulse, according to one BMD 

In the fluorine rocket engine field, 
the only real competitor Bell appears 
to have is Rocketdyne which developed 
a fluorine rocket engine system called 
the Nomad for the Air Force. But even 
here, the Bell engine currently appears 
to have the inside track by virtue of its 
turbopump feed system. The Nomad 
was a complete upper stage system that 
was designed to go on top of the Atlas. 
But the Air Force had no definite 
program or mission that required the 
Nomad vehicle, according to a BMD 
spokesman, so the funding gradually 
ceased, and work on the Nomad ended 
last May. 

More important, the BMD spokes- 
man adds, the Nomad engine used a 
pressurized propellant feed svstem 
which counterbalanced most of the 
performance gains afforded by the use of 


fluorine. The pressure-fed system, com- 
pared with a turbopump system, re- 
quired heavier tankage and a lower 
combustion chamber pressure. The 
heavier tankage cut about 4% off the 
mass fraction while the lower chamber 
pressure dropped specific impulse ap- 
proximately 10 sec. The net effect, he 
says, is that the Nomad didn't come 
out much better in performance than 
the conventionally-fueled Agena rocket 
engine. 

'Study Contract' 

The engine contract which ARDC 
is expected to award Bell shortly is re- 
ferred to as a study contract by the Air 
Fora - and will probablv be administered 
by the Air Force rocket group at Ed- 
wards AFB. At the present time, it is at 
ARDC “for review prior to signature." 
While it will be classified, it is believed 
that the contract will cover work on 
such things as injector patterns, thrust 
chamber cooling and design, heat trans- 
fer characteristics, combustion effi- 
ciencies, and sealing requirements in 
connection with the fuel. 

Bell has already developed a “bread- 
board” fluorine rocket engine in work 
sponsored largely by NASA (AW Sept. 
19. p. 34). The NASA contract with 
Bell was for the development of a 
liquid fluorine-liquid hydrogen rocket 
engine. The last firings in this program 
took place in October. In its work for 
the Air Fora. Bell is expected to use 
hydrazine or a hydrazine-unsymmetrical 
dimethyl hydrazine blend as the fuel 
instead of hydrogen. Although the hy- 
drogen-fluorine combination offers 
higher specific impulse (470 sec. vs. 
429.5 sec. at 500 psia.), the hydrazine- 
fluorine mixture provides considerably 
higher density impulse (571 vs. 259). 

This switch in fuels, however, has 
also created some problems. In the 
fluorine-hydrogen engine, the hydrogen 
was used to cool the thrust chamber 
and to drive the turbopumps. Now. in 
order to use hydrazine for these pur- 
poses. Bell engineers must redesign the 
cooling passage geometry and develop 
a hydrazine gas generator that will drive 
the turbine for the pumps. As a result 
of the fuel change, they must also re- 
design the injector and the pump itself 
as well as develop sealants and a sealing 
arrangement for the fuel system. 

Bell engineers plan eventually to 
lower the operational combustion pres- 
sure in order to lighten the thrust cham- 
ber. This will mean redesign of the 
thrust chamber and will entail consider- 
able experimental work in which cham- 
ber designs and pressures are varied to 
find the optimum combination. Bell 
has also been experimenting with non- 



PERFORMANCE of Bell’s fluorine rocket engine has not been disclosed. But the company 
recently put together Hie above table which compares high-energy propellant systems under 
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USAF Approves Anti-Icing Fuel 
Additive for B-52s. KC-135s 


cryogenic, high-energy oxidizers such as 
chlorine trifluoride. Handling and 
pumping liquid fluorine, however, is no 
longer considered a problem by Bell. 

If the pending engine contract should 
lead Bell to an Air Fora contract for 
a high energy upper stage vehicle, it is 
believed that Bell Aerosystems would 
develop or be responsible for the com- 
plete system under the aegis or BMD. 
While this is somewhat unusual for an 
engine manufacturer in the liquid pro- 
pellant rocket field, it is essentially the 
same pattern that was followed in the 
case of Rocketdvne’s Nomad program. 
Moreover, Bell points out, the company 
has had systems responsibility before 
in the case of the Rascal. 

Although no one is underplaying the 
importance of the engine contract, it 
is generally agreed that the big plum 
will be the program for the complete 
high-energy upper-stage system. Pro- 
vided that this latter program does ma- 
terialize, the best estimates of when it 
will materialize in terms of actual re- 
quests for proposals currently range 
from six months to two years. 

First Soviet Tu-114 
Scheduled Flights Set 

Moscow- Tupolev Tu-114 turboprop 
airliner will begin regular nonstop pas- 
senger service from Moscow to Kha- 
barovsk in January, according to Tass. 

The four-engine transport has under- 
gone an unusually long proving period 
of more than two years, although it 
reportedly has been used on cargo 
flights to the Far East during this pe- 
riod. It also was called into courier 
service from Moscow to New York dur- 
ing the recent Khrushchev appearana 
before the United Nations, and carried 
the Soviet premier to the U. S. for his 
first visit in the fall of 1959. 

Last January an Aeroflot official told 
the Soviet press that the Tu-114 would 
be pressed into regular service in the 
second quarter of 1960, but this failed 
to materialize. 

Tass notes that the 4,300-mi. Mos- 
cow-Khabarovsk route is one of the 
longest in the world. 

The Tu-114, according to Tass. 
“takes 170 passengers and even has cab- 
ins with sleeping berths. There is a 
tourist version seating 220.” Previous 
reports have said the plane can haul 
12-14 tons of freight in addition to 
passengers. 

The aircraft is expected to fly Mos- 
cow-Khabarovsk in 10-12 hr. 

The Soviet journal Grazhdanskaya 
Aviatsiya reported last summer that air- 
ports at Moscow (Vnukovo), Kha- 
barovsk, Sverdlovsk, Omsk, Novosibirsk 
and Irkutsk were preparing to service 
Tu-114 flights. There is no indication 
that service to other points is planned. 


New York-After extensive tests in 
Boeing B-52s and KC-135s, Air Fora 
has approved the use of a new anti-icing 
jet fuel additive bv the Strategic Air 
Command. 

Development of successful anti-icing 
additives is expected to have signifi- 
cantly more impact, however, on the 
performance of the North American 
B-70, Lockheed U-2, Convair B-58 and 
F-106 and other advanad aircraft than 
on the B-32 and KC-135 in which 
inflight ia formation has now been re- 
duced to a minor problem. 

If the U-2 that went down in Russia 
(AW May 16. p. 26) had had an effec- 
tive anti-icing additive, unofficial Air 
Fora opinion now is that the U-2’s 
engine would not have flamed out. 
according to one Air Fora engineering 
offiar. 

In the case of the B-70, North Ameri- 
can has already carried out preliminary 
studies on the compatibility of the addi- 
tive and the aircraft's fuel system. These 
and similar studies by other airframe 
manufacturers, says SAC. indicate that 
the additive will’ prove satisfactory in 
most jet aircraft fuel systems. 

The anti-icing additive now approved 
by the Air Fora is PFA 55MB, a petro- 
chemical derivative developed by Phil- 
lips Petroleum Co. There arc other 
additive materials still undergoing eval- 
uation, at least two of which appear 
equally promising, aaording to the Air 
Fora. After the current evaluation pro- 
gram is finished, the Air Fora plans to 
use the data it has gathered as the basis 
for a definitive additive specification in 
order to keep the market open for any 
company that wants the specifications. 

Additive PFA 55MB is the subject 
of a patent application by Phillips and 
the company will not disclose its com- 
position. But Aviation Week has 
learned that the compound is 90% 
methyl Cellosolve (a glycol ether manu- 
factured by Union Carbide) and 10% 
glycerine. The Cellosolve is the actual 
anti-freezing agent. The glyarine was 
added later to make the material com- 
patible with the Buna-N top coating on 
the B-52 and KC-135 fuel tanks. 

Briefly, the additive which is dis- 
solved in the jet fuel works by partition- 
ing into (that is. preferentially dissolv- 
ing in) the water that settles out of jet 
fuel as the temperature drops. The addi- 
tive. much like salt added to ia, lowers 
the freezing point of the water almost, 
says Phillips, to the freezing point of the 
fuel itself. If ice has formed, PFA 
55MB turns it to slush. 

The Air Fora search for an effective 
fuel additive to prevent in-flight ia 


formation began with the crash in Feb- 
ruary. 1958, of a B-52 that didn't quite 
reach the runway at Ellsworth AFB in 
South Dakota due to fuel starvation. 
Examination of the wreckage showed 
that the main filters had been clogged 
with ice. The Air Fora then went to 
industry with a request for anti-icing 
additives. An evaluation program was 
set up and, to date, the Air Force work- 
ing with Boeing Airplane Co., has 
screened more than 200 compounds 
submitted bv several different chemical 
and petroleum companies. 

At the same time it began the addi- 
tive work, the Air Force started explor- 
ing other approaches to the B-52 icing 
problem. These other approaches led 
to the development of fuel line heaters, 
redesign of the fuel tank boost pumps, 
revision of the aircraft's drop tank trans- 
fer system and relocation of the main 
fuel line filter. As a result of these 
changes, says a SAC officer, the fuel 
icing problem in the B-52 and KC-135 
is now more of a nuisance than a prob- 
lem. However, he adds, fuel icing is still 
a very real problem in many other exist- 
ing jet aircraft, particularly in the Lock- 
heed T-33, and a problem that is ex- 

E ectcd to become even more critical in 
iturc high performana aircraft. 

Cessna Sells T-37B 
Trainers to Peru 

Wichita— A S3.338.864 contract from 
the Peruvian government for an “un- 
disclosed number” of T-37B side-by- 
side twin-jet trainers has been an- 
nounced by Cessna Aircraft Co., here, 
confirming an earlier report (AW Dec. 
12, p. 37) that Peru had purchased 15 
of the airplanes. 

The contract, negotiated directly be- 
tween Peru and Cessna, includes spares, 
maintenance equipment and special 
tools. First delivery of T-37Bs to the 
Peruvian air force will begin in Febru- 
ary, 1961. and continue through De- 
cember. 

Technicians of Cessna and Continen- 
tal Aviation & Engineering Corp., 
builders of the J69 turbojet engines, 
will assist the Peruvian air force in phas- 
ing in the new jet trainers and in es- 
tablishing a maintenance organization. 

The contract marks the first sale of 
the T-37 abroad and Cessna says that 
it hopes that this will generate further 
foreign interest. The companv has built 
more than 500 T-37s for USAF and 
current contracts, including the one 
with Peru, extend trainer production 
through January. 1962. 
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Germany and France Plan Joint 
Supersonic VTOL Fighter Role 


By Cecil Brownlow 

Bonn— West German and French 
governments officially announced last 
week that they have agreed to "study" 
and jointly produce a "high-perform- 
ance" VTOL fighter. Italy and Great 
Britain also are expected to join in the 
project to some degree. 

No speed regimes were mentioned in 
the announcement, but it is known that 
a German combine of Messerschmitt- 
Heinkel and Bolkow has been working 
on plans for a Mach 3 VTOL as a re- 
placement for the soon-to-be-introdneed 
Lockheed F-104G (AW Dec. 5, p. 72). 
West German planners, who also want 
a close support fighter and transport 
within their VTOL family, sec the need 
for such an aircraft within the next six 

In France, Dassault, working with 
limited funds, has been studying plans 
to convert its Mach 2 Mirage III fighter 
into a VTOL under the project desig- 
nation of Balzac. The Germans, how- 
ever, view Mach 3 as a near minimum 
speed for the aircraft. 

It also was formally announced in 
Paris last week that Italy has joined the 
F.uropcan production effort on the 
F-104G (AW Nov. 21, p. 26.), joining 
Germany, Belgium and Holland, amid 
indications that the over-all project may 
become an official program of the North 
Atlantic Treaty Organization, a move 
that could aid in cutting rising costs, 
Order Boosted 

In another move, Lockheed Aircraft 
Corp. said that West Germany has 
boosted its order for Lockheed-produced 
F-l04Gs. Follow-on order for 30 boosts 
the number for Lockheed-produced air- 
craft on order by the West German 
air force to 99 F-104Cs plus 30 two- 
seat trainer versions. Tire orders are de- 
signed to give the Air Force an early 
F-104 capability and fill the gap until 
licensed production aircraft begin roll- 
ing off European lines in late 1961. 

The German-French VTOL agree- 
ment marks the second attempt by the 
two nations to build a VTOL project 
in common. First attempt was centered 
on a coleopter design largely developed 
by Snecma, a state-owned French en- 
gine manufacturer. This project, how- 
ever, has been dropped. 

Leading VTOL studies now under 
way in the two countries both envision 
use of Rolls-Royce powerplants. Rolls is 
working with the German firm Ma- 
schincn Fabrik Augsburg-Nuremburg 
(MAN) on joint development of an 
advanced powerplant for the Mach 3 

20 


VTOL, and it is understood that Das- 
sault is considering fitting a Rolls 
RB.108 engine to a Mirage III proto- 
type for experimental tests. 

Breguet also has been studying the 
VTOL problem in France, but at a low 
pitch, and the Balzac appears to be this 
country's leading entry. Both the Balzac 
and West Germany’s Mach 3 VTOL 
are still largely paper designs, but offi- 
cials of the latter project already are 
drafting plans that carry' the aircraft 
through its prototype stage. 

Britain and Italy, which have subsonic 
VTOL designs, "also are expected to 
come into the program and. if Germany 
can gain support from its two other 
F-104 production partners, Belgium 
and Holland, by the expected promise 
of subcontracts, the project will have 
powerful support in its bid to capture 
the current NATO competition in the 
VTOL field. 

Unless the odds appear insurmount- 
able, however, Holland probably will 
enter the competition on its own with 
a Fokker design based on criteria sup- 
plied largely by Republic Aviation 
Corp., which has a major interest in 
the Netherlands firm. 

Italy already is loosely bound to the 
Franco-German program by a 1957 
agreement in which the three nations 
decided to work together on VTOL and 


UAC German Holdings 

Geneva— United Aircraft Corp. is in- 
creasing its holding in the German firm 
of Wcserflugzciigban GmbH, in addition 
to its acquisition of 15% of the stock in 
the French firm of Raticr-Figeac (AW 
Dec. 19, p. 37). 

Raticr-Figeac has been manufacturing 
Hamilton Standard propellers and com- 
ponents under license for the past six 
years. Organized in 1951, the firm has 
its headquarters in Paris and manufac- 
turing facilities in southwestern France. 

United is boosting its holdings in 
Wescrllugzcugbau from an estimated 
10% to a major minority interest. 
Weserflugzcugbau already is manufac- 
turing under license two prototypes of 
the Sikorsky S-64 flying crane for the 
West German air force. Production or- 
ders arc expected to follow; German- 
produced versions of the helicopter also 

as from the West Getman army and 

The U. S. firm already holds a sub- 
stantial interest in the French engine 
firm Snecma arid French avionics firms, 

Societc-Precilcc and Socicte-Somalcc. 


STOL design projects. Great Britain 
decided last July to join these three 
countries on a relatively informal basis. 

Italy also would be offered subcon- 
tracts in any production and, both to 
satisfy its own needs and gain support 
for its supersonic project, Germany 
might agree to cither buy follow-ons 
to the Fiat G.95 subsonic design pro- 
posal based on the G.91 or Britain’s 
Hawker P. 1127 as a close-support 
fighter. 

NATO Opposition 

There is opposition in some NATO 
quarters to such an aircraft, and Ger- 
many also might agree to push its 
merits within the councils of this or- 
ganization as a common close-support 

Announcement of Italy’s entry into 
the F-104 production family was made 
in a NATO statement issued in con- 
junction with the Paris Defense 
Ministers' Conference despite the fact 
that officially the program is still one 
between individual countries, rather 
than a common project under NATO 
sponsorship. 

United States officials have been 
pumping for its adoption as a common 
NATO program because of its obvious 
advantages in ease of planning, coordi- 
nation and savings in cost. 

As a national program, for example, 
regular customs duties must be paid 
on components shipped from one na- 
tion to another, a sizable sum in the 
case of the F-104; there are few if any 
tax- advantages. NATO programs are 
exempt from such taxes and customs, 
and the savings could help combat the 
creeping costs of the F-104G— from an 
estimated 51,175,000 per aircraft 
earlier this year to the present figure 
of over SI. 5 million. 

Fiat Production 

No mention was made in the an- 
nouncement of the number of aircraft 
Italy will build in the production pro- 
gram or the number its air force is 
scheduled to receive. Fiat, however, 
is expected to build a total of 182 air- 
frames, 100 of them for the Italian 
air force, 82 for West Germany. 

U.S. Mutual Aid funds are financing 
the equivalent of 25 of the Italian air- 
craft and is supporting a similar num- 
ber for Belgium and Holland whose 
air forces also are scheduled to each 
receive 100 F-104s. Germany is sup- 
porting all its orders which may reach 
a total of 778 aircraft including those 
purchased directly from the U. S. 

In Hew of the current dollar short- 
age and government insistence upon 
cutting foreign expenditures, aid to 
these three nations will be supplied 
primarily in the form of components 
manufactured in the U. S„ rather than 
through straight dollar transactions. 
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Kennedy Defense Approach Takes Shape 


By Ford Eastman 

Washington— President-elect John F. 
Kennedy’s approach to Defense Depart- 
ment problems began to take shape last 
week when he named Roswell Gil- 
patric, chairman of the Aerospace 
Corp. board of trustees, his deputy de- 
fense secretary. 

Gilpatric, a New York lawyer, has 
had considerable experience in the de- 
fense and foreign policy fields, while 
Robert S. McNamara, named Defense 
Secretary a week earlier, is an industri- 
alist who moved up through the ranks 
of the Ford Motor Co. to become its 
president in 14 years, but who has had 
no previous government experience 
(AW Dec. 19, p. 28). Appointment of 
the two for the top posts will blend 
defense experience with business experi- 

Botli men are similar in that they 
are respected by leaders in their fields 
and have gained wide reputations as 
being energetic, hard-working, hard- 
driving, certain of the direction in 
which they want to move, and un- 
willing to tolerate delays or slow 
progress. 

Gilpatric is reported as a man who 
works from 7:30 a.m. to 7:30 p.m., 
seven days a week. McNamara also 
starts work at 7:30 a.m. but usually 
does not leave later than 6:30 p.m. 
Since collapsing from overwork and 
tension a few years ago, he has at- 
tempted to achieve a better mix of 
work and relaxation. 

An area where the two may have 
differing views is on defense reorganiza- 
tion, one of the most controversial 
problems facing the new Administra- 

Gilpatric, whose appointment was 
widely forecast, was a member of the 
committee headed by Sen. Stuart Sym- 
ington (D.-Mo.) which advocated sweep- 
ing changes in the Defense Department, 
including elimination of the service 
secretaries and joint chiefs of staff and 
placing more power in the office of the 
secretary (AW Dec. 12, p. 34), al- 
though he was not among its most 
active members. He also was named 
to Kennedy’s defense planning group 
(AW Sept. 5, p. 29). 

McNamara visited" Rep. Carl Vinson 
(D.-Ga.) chairman of the House 
Armed Services Committee last week 
and told Vinson that he does not plan 
early reorganization of the Defense 
Department, but that he will take time 
first to see what changes are needed. 
He earlier visited Sen. Richard B. 
Russell (D.-Ga.) chairman of the 
Senate Armed Services Committee, in 
Winder, Ga. Neither McNamara nor 


President-elect Kennedy has com- 
mented on the Symington report other 
than to say it would be studied, ana- 
lyzed and considered by both the 
executive and legislative branches of 
government before he made his own 
recommendations. 

McNamara, who is not committed 
to the Symington plan, while Gilpatric’s 
views are known, can act as a buffer 
between opposing forces and not at- 
tempt to submit to Congress or carry 
out those recommendations facing the 
greatest opposition until sometime in 
the future when the groundwork has 
been laid for easier acceptance. 
Democratic Commitment 

However, since the Democratic plat- 
form is pledged to reorganization of 
the Defense Department as "a first 
order of business" (AW July 18, p. 32) 
the new Administration will be ex- 
pected to at least make a start along 
this line, submitting the least contro- 
versial recommendations first. 

Gilpatric is known to have wanted 
the top defense post rather than the 
number two job, but he undoubtedly 
will have an important influence as 
deputy on McNamara’s decisions be- 
cause his experience in the defense 
field is so much broader. 

He won the post after a three-way 
tussle in which he had the backing of 
Sen. Symington and Kennedy's transi- 
tion and appointment aide, Clark 
Clifford. Kennedy’s own choice had 
been Paul H. Nitze, who is president 
of the Foreign Service Educational 
Foundation, a former director of State 
Department's policy planning staff, and 
an adviser to Kennedy on national 
security. The third candidate was pro- 
posed by McNamara himself, presum- 
ably a close business associate. 

The new deputy defense secretary’s 
successor as board chairman at Aero- 
space Corp., a nonprofit organization 
created early this year as technical 
manager of Air Force missile and space 
programs, is expected to be chosen 
from among three current board 
members— Trevor Gardner, Roger Lewis 
and Arthur Raymond. Chalmers 
Shenvin, another trustee, has resigned 
from the board to be a full-time staff 
member, and there is a possibility that 
the new chairman might be the man 
who fills Sherwin's spot, although 
Gardner, Lewis and Raymond arc con- 
sidered better bets. 

Gilpatric, a long-time member of the 
New York law firm of Cravath, Swainc 
& Moore, joined Aerospace as board 
chairman in June, presided over the 
formation of the corporation and picked 
the top management people. Aerospace 


Corp. said his resignation is already 
being processed. 

Gilpatric was born in Brooklyn, 
N. Y„ Nov. 4, 1906, and graduated from 
Yale Law School in 1931. He served 
as assistant secretary of the Air Force, 
materiel, in 1951 under Defense Secre- 
tary Thomas K. Finlcttcr, and later the 
same year he was named under secre- 
tary of the Air Force, where he served 
until 1953. He was a member of the 
Rockefeller Studies Project during 1956 
and 1957. 

McNamara, meanwhile, completed 
arrangements to spend full time at the 
Pentagon between Jan. 1 and Jan. 20, 
when he will take office. Hie time will 
be used in getting acquainted with 
his new office and in planning the tran- 
sition. A temporary office will be pro- 
vided next door to Defense Secretary 
Thomas S. Gates, Jr., with whom he 
has already conferred several times dur- 
ing the past two weeks. 

After McNamara's visit to Rep. Vin- 
son’s office, he told newsmen that all 
top civilian posts— which would be abol- 
ished under the Symington reorganiza- 
tion plan— will be filled by the Kennedy 
Administration. He said he docs not 
anticipate any reluctance to accept the 

E osts because they might be abolished 
iter, which indicates elimination of 
service secretaries is not one of the 
recommendations scheduled for early 

Prospects for appointment to these 
posts include Eugene Zuckert, who 
served as assistant Air Force secretary 
under the Truman Administration and 
later as an Atomic Energy Commis- 
sion member; Phillip P. Ardcry, Louis- 
ville, attorney and Air Force Reserve 
brigadier general; Ernest Vandiver, gov- 
ernor of Georgia; and Harold Stuart, 
assistant USAF secretary under Presi- 
dent Truman, and former Air Force 
Assn, president— all for Air Force sec- 
retary. W. John Kenney, Navy under 
secretary in the Truman Administration 
and Clarence D. Martin, Los Angeles 
auto dealer who was Kennedy’s cam- 
paign coordinator in the West, are can- 
didates for secretary' of the Navy. 

Franklin D. Roosevelt, Jr., was re- 
portedly vetoed by McNamara for the 
post of Navy secretary, and James P. 
Coleman, former governor of Missis- 
sippi, declined the offer of an unspeci- 
fied top Defense post. 

Paul Nitze is reported in line for 
under secretary of defense for interna- 
tional security affairs, a post which is 
now ranked as an assistant secretary, 
and Joseph Keenan, AFL-CIO vice 
president, is being boosted for the post 
of assistant secretary of defense for man- 
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Space Plane Study Contracts Considered 


Dayton, Ohio— Requests for proposals 
for Project Aerospace Plane— formerly 
known as Project Space Plane— may be 
issued to industry early next year if an 
Air Force Scientific Advisory Board ad 
hoc committee recommends favorable 
consideration for the project. 

This proposed vehicle, which is con- 
sidered a second- or perhaps third-gen- 
eration variation of the Dyna-Soar boost 
glider, would propel itself from the 
earth into space without a large rocket 
booster. It would use conventional pro- 
pulsion systems to reach the fringes of 
the atmosphere. Then it would propel 
itself in space by burning liquid hydro- 
gen with liquid oxygen that had been 
generated on board during very high 
speed atmospheric flight by gathering 
very lightly associated molecules of 
oxygen and nitrogen and compressing 
them into a fluid state (AW Oct. 31. 

p. 26). 

Two feasibility study contracts prob- 
ably will result from an industry com- 
petition. Applied research probably 
will get considerable emphasis in these 
studies. Wright Air Development Di- 
vision also may conduct some in-house 
studies. 


meeting here earlier this month: 
•Broad requirements under SR- 19786 
were outlined by Air Force representa- 
tives to top industry executives. 

• Ad hoc committee was briefed by 
Air Force and industry representatives 
on the broad conceptual aspects of a 
winged vehicle with versatile charac- 
teristics in both atmosphere and space, 

tion or capability which might satisfy 
specific Air Force requirements. 

The Scientific Advisory Board pre- 
viously had indicated a favorable reac- 
tion in a preliminary assessment of the 
advantages of the potential project, and 
the recent briefing at WADD was in 
the nature of a final follow-up. 

The meeting included representatives 
of Air Force headquarters. Air Research 
and Development Command headquar- 
ters. and WADD. which would manage 
the project if it is officially activated. 
Industry members included Boeing Air- 
plane Co., Convair Division of General 
Dynamics Corp., Douglas Aircraft Co., 
Lockheed’s California Division, Repub- 
lic Aviation Corp., Marquardt Corp., 
and Pratt & Whitney’s Florida Re- 
search and Development Center. 

Marquardt and P&W would be com- 
petitors for development for the basic 


liquid air cycle engine (LACF.) con- 
templated for Aerospace Plane. Mar- 
quardt uses the LACE designation, 
while P&W refers to its powerplant 
concept as the high-pressure engine. 

At this point, some industry mem- 
bers give Marquardt a considerable edge 
in the potential liquid air cycle engine 
development because of its relatively 
higher mass fraction design parameter. 
Also. Marquardt had been conducting 
some study in the liquid air cycle 
regime under contract to WADD up to 
about two years ago. Convair is believed 
to have had a corresponding study con- 
tract for the vehicle, but both these 
studies were downgraded in relative im- 
portance until interest by the military 
in Aerospace Plane gathered new 
impetus. 

Estimates of the time span required 
to develop a liquid air cycle engine vary, 
but the consensus of advanced propul- 
sion designers is that it probably would 
not be longer than that which was ex- 
pected for the development of the tur- 
bojet engine to a high state of reli- 

A vast amount of advanced tech- 
nology accumulated in the development 
of various types of air-breathing engines 
will contribute to basic development of 
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Herter Gives NATO Ministers 
Polaris, Nuclear Submarine Plan 


the liquid air cycle engine, although it 
is generally agreed in industry that ad- 
vanced air-breathing engine concepts 
could have been much further along if 
acceleration of the state of the art had 
not been neglected, largely because of 
the emphasis on missiles. 

Funding for initial development of 
the liquid air cvcle engine alone, if 
Aerospace Plane is underwritten in the 
Fiscal 1962 budget, is likely not to 
exceed about SI. 5 million for the fea- 
sibility-applied research aspects. Air 
Force had asked approval of S20 million 
for the project in Fiscal 1962. 

A major goal in the design of the 
liquid air cycle engine will be an opera- 
tional scheme that makes maximum use 
of the engine hardware. A multiplicity 
of propulsion devices to boost the plane 
from sea level to the fringes of the 
atmosphere must be avoided because 
weight will be a most critical factor. 

Present projections for development 
of Aerospace Plane do not relate it ex- 
clusively to a specific weapon system 
concept. A versatile vehicle, Aerospace 
Plane is expected by military and in- 
dustry observers to be feasible for as 
many as 50 missions. Primary use in the 
foreseeable future would be in earth- 
centered orbits. While a substantial 
crew could be accommodated in Aero- 
space Plane. Air Force stresses pavload- 
carrying potential rather than crew. 

Control Study Bids 
Requested for Saturn 

Washington-Proposals for studies to 
refine Saturn C-l booster stability and 
control techniques have been requested 
by National Aeronautics and Space Ad- 
ministration to advance these concepts 
beyond the gimbaled-enginc control sys- 
tem now planned. 

Proposals for the one-vear analytical 
studies are due Jan. 23 at Marshall 
Space Flight Center. Original Dec. 15 
bid deadline was moved back to allow 
additional proposals to be made. 

NASA says the basic purpose of the 
studies is to improve the state of the 
art in control and dynamic stability 
techniques for large vehicles. If a prac- 
tical new concept is produced, it could 
replace the present control system on 
Saturn. Stability problems in Saturn re- 
sult from its low bending frequency, 
high dynamic pressure, large wind shear 
effect, limited control forces and the 
incomplete knowledge of structural dy- 
namics for a clustered vehicle 185-ft. 
high and 21.5 ft. in diameter. 

Industry studies are to go beyond 
immediately available off-the-shelf 
methods of improvement, and they are 
expected to include proposals for plug 
nozzles, more advanced methods of 
gimbaling engines, air vanes, jet vanes 
and jetevators. 


Paris— Only West Germany warmly 
received U. S. suggestions, made during 
the recent NATO annual ministerial 
meeting, that NATO members buy and 
jointly control 100 Polaris missiles 
which would be deploved throughout 
the NATO area. 

The U. S. idea, put forth as a "sug- 
gestion" by Secretary of State Herter. 
also includes a promise that if Euro- 
peans accept the idea Washington will 
commit five nuclear submarines, each 
equipped with 16 Polaris missiles, to 
the NATO command. 

Moreover. Herter indicated that 
Washington— assuming its offer to sell 
100 Polaris missiles is accepted— 
“might” reconsider present control ar- 
rangements surrounding NATO’s nu- 
clear stockpiles. 

This latter possibility could prove to 
be the most important U. S. idea ad- 
vanced at the NATO meeting. NATO 
nuclear stockpiles, created as a result 
of the NATO summit conference in 
December. 1957, today represent the 
real strength of the NATO alliance. 

Under the stockpile system, nuclear 
warheads can be given out to NATO 
allies in time of conflict. This system 
permits non-American military ground 
and air units in Western Europe to 
operate on a "dual-capability” basis. 

Today, however, with West German 
air and ground units taking over the 
dominant front-line role, this system is 
becoming somewhat inefficient. Thus 
West German military commanders are 
eager for a loosening of the present 
warhead arrangement under which the 
U. S. keeps exclusive control. Germans 
fear that this arrangement, while per- 
haps efficient for small ground and air 
units, could not work fast enough when 
12 German divisions and a large air 
force have to draw off a stockpile of 
warheads in a time of crisis. 

German reaction was also favorable 
to the U. S. idea that European NATO 
members buy 100 Polaris missiles. 
Other NATO members, however, were 
markedly less enthusiastic. NATO ob- 
servers, in fact, running down the mem- 
bership list, wonder what other NATO 
members, besides West Germany, will 
ever accept the U. S. Polaris suggestion. 

France, for example, has all it can 
do to finance development of its own 
independent nuclear strike force. The 
French, moreover, insist they do not 
intend to substitute their own ambition 
in this field for a joint NATO deal. 

The Italians, under a bilateral deal 
with Washington, have accepted joint 
control of Jupiter bases in northern 
Italy and probably would not want to 


get involved in the heavy expense of 
buying more missiles of this type. 

Scandinavian NATO members, who 
plainly want no part of the Polaris 
program, also arc reluctant to see the 
U.S. give up its exclusive control over 
NATO’s nuclear capability. These na- 
tions claim East-West tensions will only 
increase, not decrease, if nuclear re- 
sponsibility is shared by Washington. 

The Benelux nations, already in- 
volved in comparatively heavy defense 
expenditures for F-104 fighter and Hawk 
anti-aircraft programs, do not have much 
money to spare for the purchase of 
million-dollar missiles. 

West Germany, on the other hand, 
openly welcomed Herter’s suggestion. 
This attitude has reaffirmed the opinion 
of some observers who feel that the 
main objective behind various moves 
to give NATO an increased nuclear 
capability is a desire on the part of 
Washington to find a formula to meet 
increasing West German demands for 
nuclear hardware for their growing 
military establishment. 

Herter’s suggestion that the U. S. is 
ready to commit five missile submarines 
to NATO— providing European mem- 
bers of NATO buy 100 Polaris missiles 
—failed to impress European delegates. 
It is generally known in NATO military 
circles that these five submarines, each 
equipped with 16 Polaris missiles, have 
long since been slated for assignment 
to the Sixth Fleet in the Mediter- 
ranean. Since Washington has tradi- 
tionally maintained that the Sixth Fleet 
is supporting the strike force on 
NATO’s southern flank, most Euro- 
pean military officials had the feeling 
that Herter was offering something 
NATO, in any case, is going to get. 

The U. S. suggestion that Europeans 
buy 100 Polaris missiles did not contain 
any precise details on how the missiles 
should be bought or operated. It was 
reported, however, that U. S. military 
officials did informally indicate that 
such missiles should be deployed mainly 
on ships, river barges and rail cars. Mis- 
siles probably would be controlled un- 
der a multi-nation agreement, with 
missile units presumably being assigned 
directly to the top NATO military 
command. 

Secretary of State Herter and other 
members of the U. S. delegation insisted 
that they were putting forth "sugges- 
tions” and not concrete proposals. It 
was expected that no major decisions 
on NATO nuclear capability will be 
made until the new U. S. administra- 
tion attends the next NATO ministerial 
meeting, to be held in Oslo next May. 
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Vulcan-Skybolt Mating Project Halted 
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NASA Chooses STL 
For OGO Spacecraft 

Washington-Spaee Technology Lab- 
oratories, Inc., will build three space- 
craft for the National Aeronautics and 
Space Administration's geophysical sat- 
ellite experiments, to be launched in a 
program beginning in two years. 

The negotiated contract will exceed 
SI 5 million, and it is the first systems 
award made directly to STL by NASA. 
Earlier STL payload work for the space 
agency* was negotiated through the Air 
Force Ballistic Missile Division. The 
STL proposal won over seven others 
submitted (AW Dec. 19, p. 37). 

Orbiting geophysical observatory 
(OGO) will be the first standard, multi- 
purpose NASA spacecraft to be flown. 
F'irst flight of the orbiting astronomical 
observatory (OAO) awarded to Grum- 
man in October will come in late 1963 
(AW Oct. 17, p. 30). 

The OGO contract calls for space- 
craft to be used for these missions: 

• Eccentric geophysical orbitcr (EGO), 
with a mission target date of January, 
1963, using an Atlas Agena B launch 
vehicle. Payload is designated S-49 and 
will be programed for an orbit ranging 
from 170-70,000 mi, essentially de- 
signed to study energetic particles at 
these altitudes. 

• EGO backup, with a flexible launch 
date any time from January to Septem- 
ber, 1963, with the same launch vehi- 
cle and objectives as the primary ex- 
periment. 

• Polar geophysical orbitcr (POGO), 
scheduled to be launched from the Pa- 
cific Missile Range by a Thor Agena B. 
This payload is designated S-50, and 
will be used chiefly to study the at- 
mosphere and ionosphere between 170 
and 650 mi. 

The standard OGO spacecraft will be 
about 6-ft. long and 3-ft. square. Satel- 
lite will weigh 1,000 lb, with a growth 
potential to 1,500 lb, including a 
300-lb. piggyback satellite. Large solar 
paddles will house cells to provide an 
average of 50 watts of power for experi- 

Standard package also will include 
wide band, narrow band and special pur- 
pose telemeter systems, and dual sta- 
bilization systems using both gas jets 
and reaction wheels so that the same 
axis will always point toward the earth. 

STL will be responsible for the basic 
structure, power supply, attitude con- 
trol and command system. NASA's 
space sciences steering committee will 
select the experiments to be packaged 
in the satellite's modular compartments. 

More than 50 experiments can be in- 
cluded in the OGO payload, which will 
have a structural configuration tailored 
to the number and disposition of experi- 


Constellation Damage 
Alters Carrier Plans 

YVashington-Naw has been forced 
to change its fleet aircraft carrier plans 
in the wake of a fire last w*eek which 
seriously damaged the attack carrier 
USS Constellation at Brooklyn Navy 
Yard. 

Navy estimates it will take about a 
year to repair the damage and get the 
Constellation ready for sea dutv. The 
33,000 ton USS Hancock, scheduled 
for anti-submarine duty, will remain 
an attack carrier until the 65,000 ton 
Constellation can go to sea. 

The Hancock will only partially fill 
the gap left by the fire damage, since 
it cannot handle the heavy attack air- 
craft, such as the Nortfi American 
A3J, which will fly from the larger 
carrier. The change in plans also leaves 
the ASW forces short a carrier. 

Constellation and the similar attack 
carrier USS Kitty Hawk, now under 
construction at Camden, N. ].. were 
both scheduled to be commissioned in 
March and joint the fleet later in the 

Damage to the Constellation, esti- 
mated at S75 million, mainly involves 
warped decks and bulkheads and de- 
stroyed transmission lines for fluids, 
gas and wiring. Fire started when a 
welder's torch ignited a pool of spilled 
diesel oil, and it killed 48 workmen. 
A Bureau of Ships technical investi- 


gating panel is probing possible fire haz- 
ards on other ships in construction. 

Navy will have to decide whether 
to take monev for the restoration from 
funds earmarked for other projects in 
the current fiscal year, or to ask Con- 
gress for a supplemental appropriation. 

Golden Ram Produces 
Successful Atlas Shot 

Washington-First Strategic Air 
Command launching of a USAF-Con- 
vair Atlas missile from Vandenberg 
AFB, Calif, under Project Golden Ram 
was an unqualified success, ending a 
string of five partial failures in opera- 
tional training shots of the missile. 

The Atlas-D, fired Dec. 16. delivered 
a Ceneral Electric Mark 3 nose cone 
4,384 naut. mi. into the Eniwetok Atoll 
in a test of the warhead's arming and 
fuzing mechanism. A small charge of 
TNT carried in the nose cone detonated 
on target in a surface burst over a spe- 
cially instrumented area of the lagoon. 

USAF undertook Project Golden 
Ram (AW Dec. 19. p. 25) in an effort 
to tighten operational launch procedures 
and eliminate the problems that had 
led to five partial failures since the last 
successful shot from Vandenberg in 
April. Contractor crews prepared the 
horizontal emplacement and the missile, 
and a crew from SAC’s 576th Strategic 
Missile Squadron conducted the count- 
down and the launch. 
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Segmented Solid Propellant Rocket Motor 

Three-segment solid propellant rocket motor, developing 15,000 lb. thrust, has been success- 
fully fired in a static test for 50 sec. by United Technology Corp, Sunnyvale, Calif. The 
motor is the first of three vehicles being built under NASA contract to test the feasibility 
of the segmented, or building block, concept (AW June 13, p. 28) of solid propellant 

tapered at an angle of 1.5 deg. from 3 tnie vertical. Over-all length is about 7 ft.: widest 
segment is approximately 31 ft. in diameter. 


Britain, France Plan 
Joint Space Booster 

Geneva— British and French govern- 
ments are considering plans to propose 
a joint program to supply a booster sys- 
tem to place into orbit payloads de- 
veloped by the planned common West 
European space effort. The booster sys- 
tem would incorporate the de Havilland 
Blue Streak 1RBM as the first stage and 
France’s 5,000-lb.-thrust Veronique re- 
search rocket as second stage. 

Both programs have rolled to a vir- 
tual standstill and their acceptance by 
the European community could give 
space and missile research in the two 
countries a needed boost. The basic 
British booster plan proposed in the 
past has called for Blue Streak as first 
stage and the 20,000-lb.-thrust Black 
Knight as second stage. 

The Blue-Streak-Veronique combina- 
tion would throw French support be- 
hind the effort to sell the program as a 
European space booster, Goeffrey Rip- 


pan. British parliamentary secretary to 
the minister of aviation, told the House 
of Commons last week. Negotiations be- 
tween the two governments have estab- 
lished technical feasibility of the proj- 
ect. In a recent organizational meeting 
of the 1 1-nation European space group 
at Geneva, at which Britain and France 
were represented, delegates decided 
against any common effort to develop 
booster systems. It was reported at the 
time that Britain and France hoped to 
sell the necessary booster units to other 
nations involved (AW Dec. 12, p. 29). 

French 707 Pilots 
To Continue Strike 

Paris— Air France Boeing 707 pilots 
voted to continue a strike against man- 
agement which has grounded the 
French carrier's entire fleet of 17 Boe- 
ing 707-320 jet transports since Dec. 9. 

The strike involves only Boeing 
flights. Air France continues to oper- 
ate Caravelle jets as well as piston 


flights. Piston-aircraft pilots, however, 
are refusing to fly any route normally 
served by 707s. Air France officials 
say the strike is costing the carrier SI 80.- 
0d0 daily. 

The company and the pilots imtiallv 
reached agreement on the main issue— 
the number of Boeing flight hours to be 
flown— but they disagree on the base pay 
of Boeing flight hours. The difference 
involves less than 30 cents an hour. 

The strike affects most of Air France’s 
international routes. 

News Digest 


Dr. Herbert F. York will remain as 
Defense Department’s director of re- 
search and engineering (AW Dec. 19 
p. 25) "for a limited period,” Defense 
Secretary-designate Robert S. McNa- 
mara said last week, A defense spokes- 
man interpreted “limited period" to 
mean six months or more. 

Thomas G. Lanphicr, Jr, who re- 
signed as vice president of Convair 
earlier this year to comment on U. S. 
defense policy has been elected pres- 
ident of Fairbanks Morse &* Co. He 
remains a vice president of the parent 
company, Fairbanks Whitney Corp. 

Los Angeles Airways became the first 
U. S. scheduled helicopter airline to 
offer turbine-powered service when a 
Sikorsky S-62 was put in service Dec. 21 
between Los Angeles International Air- 
port and heliports at Riverside, San 
Bernardino and Anaheim /Disneyland/ 
Fullerton. 

Kendrick R. Wilson, Jr. was elected 
Avco Corp. chairman of the board last 
week, succeeding the late Victor 
Emanuel and James R. Kerr was elected 
president. 

Federal Aviation Agency will change 
the name of its Atlantic City, N. J, 
facility from National Aviation Facil- 
ities Experimental Center (NAFEC) 
to Bureau of Research and Develop- 
ment Center (BRDC). 

Initial delivery of Cessna U-3B, util- 
ity version of Model 310F light-twin 
business plane, will be made to USAF' 
in the last week of December. Cessna 
has contract for 35 U-3Bs, with deliv- 
eries extending through June, 1961. 

Acronutronic Division of Ford Motor 
Co. was awarded a S3 million Army 
contract for continued research and 
development on Shillelagh surface-to- 
surface tactical missile system. 

Peruvian government has placed a 
S3. 3 million order with Cessna Aircraft 
Co. for T-37 twin jet trainers and parts, 
for delivery in 1961. 
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AIR TRANSPORT 


Collision Avoidance Progress Reported 


FA A and Bendix brief airlines on current status; 
flight tests beginning with experimental system. 

By Philip J. Klass 


Washington— Federal Aviation Agency and Bendix Radio briefed the 
airlines last week on the current status of air collision/proximity warning sys- 
tem developments at a meeting called by the Air Transport Assn. 

Bendix reported that only two weeks before the midair collision Dec. 16 
over New York of a United Air Lines DC-8 and a Trans World Airlines Super 
Constellation, it had made the first successful flight tests of an experimental 
air-collision avoidance system (AW Feb. 15, p. 67) on two company aircraft. 


l'AA spokesmen also expressed re- 
strained optimism over the possibility 
of a cooperative-type infrared proximity 
warning system which would use anti- 
collision rotating light beacons now car- 
ried on most aircraft. 

In an official statement, FAA said 
that it would be at least several years 
before a successful airborne anti-colli- 
sion system could become operational 
The infrared might be available earlier, 
but it would be limited largely to fair 
weather (VFR) operation. A Bendix 
official told Aviation Week that it 
probably would be mid-1963 before pro- 
duction quantities of his company’s sys- 
tem could be available. Installation on 
a sufficiently large number of aircraft 
to make the coopera tive-type system 
effective probably would require at least 
another six months. 

FAA says that partial relief from the 
collision hazard may come as quickly 
from some of its other research and de- 
velopment programs. These include the 
automatic data processing system for 
traffic control, a three-dimensional ra- 
dar which can give terminal area traffic 
controllers information on aircraft ver- 
tical separations, and pictorial naviga- 
tion displays for the cockpit to give the 
pilot a graphic picture of his aircraft 
position. 

FAA Test Plans 

FAA plans to install the experimental 
Bendix system in two of its Convair air- 
craft soon for flight tests at its Atlantic 
City experimental center. This system 
is expected to undergo about two 
months of flight tests, intended to prove 
the basic system concepts and deter- 
mine what further refinements are 
needed. 

FAA representatives told the airlines 
that despite the fact that the agency 
has received about 200 proximity warn- 
ing/anti-collision system proposals dur- 
ing the past year, relatively few of them 
are new in concept or feasible for op- 
erational use. 


One large, reputable company has 
even proposed the use of a satellite line 
in a 22,300-mi. synchronous equatorial 
orbit, which would use radar transpon- 
der techniques to determine position 
of all aircraft within its view and plot 
potential collision courses. 

FAA representatives also reported 
that they have practically abandoned 
any hope of coming up with a self- 
contained (non-cooperative) type anti- 
collision or proximity warning system. 

Results of tests conducted by the 
Naval Ordnance Test Station at Inyo- 
kern, Calif., have largely eliminated the 
possibility of a self-contained infrared 
proximity warning system which could 
operate from radiation produced by air- 
craft engine heat. The natural infrared 
radiation might prove adequate for 

S roximity warning between jet aircraft 
ying at high altitudes, but the avail- 
able warning time is not sufficient for 
piston engine and smaller aircraft at low 
altitudes where IR radiation is more 
heavily attenuated by moisture in the 

FAA interest in an infrared prox- 
imity warning indicator has now shifted 
to a cooperative type system which 
would permit low-cost protection for 
minimum-equipped aircraft. Measure- 
ments indicate that the rotating anti- 
collision beacon now in widespread use 
is an effective source of infrared radia- 
tion. 

This suggests a system in which the 
anti-collision beacon is modified so 
that its light is pulsed at a frequency 
which is proportional to the airplane’s 
barometric altitude. The pulsations 
would not be noticeable to the human 
eye, but would enable another aircraft 
equipped with an infrared scanner to 
detect the beacon of an intruder air- 
craft and determine whether the in- 
truder is at or near its own altitude. 
The equipped aircraft cockpit would 
then display the bearing of all intrud- 
ers whose altitude was at or near the 


aircraft’s altitude to alert the pilot. 

The cost of modifying existing bea- 
con lights to provide altitude coding 
is expected to be quite modest, for air- 
craft operators who cannot afford to in- 
stall an infrared scanner. This would 
give aircraft equipped only with a 
Beacon some protection against scan- 
ner-equipped aircraft if the latter takes 
corrective action. 

FAA currently has sufficient funds 
in its Fiscal 1961 budget to explore 
further this cooperative-type infrared 
indicator and intends to do "so. Aviation 
Week was told. 

FAA Approach 

In exploring possible solutions to the 
anti-collision/proximity warning sys- 
tem problem, FAA has sought to 
stretch its available funds by investigat- 
ing a maximum number of promising 
basic techniques rather than buying a 
few systems in which a large portion of 
the money would be spent for hard- 
ware. Most informed observers believe 
that this is a fundamentally sound 
poliev at the present time. FAA fund- 
ing during Fiscal 1960 and 1961 for 
this work has totaled about $1 million. 

Characteristic of this approach is the 
FAA support of a project at Sperry 
Gyroscope Co. Sperry proposed a co- 
operative type proximity warning/col- 
lision avoidance system which would 
use a K-band radar and transponder 
techniques. The use of radar has been 
proposed previously, but it foundered 
on the question of where the radar an- 
tennas could be located to provide 
necessary coverage. 

Sperry proposed to use a flush- 
mounted luneberg lens type of antenna, 
giving both omidirectional and scanning 
type coverage, which could be mounted 
in the belly of an airplane. The concept 
was an outgrowth of the company’s 
work in rendezvous radar for use by 
Strategic Air Command bombers and 

After analyzing the Sperry proposal, 
FAA concluded that the feasibility of 
the approach hinged on the ability to 
obtain the required coverage and target 
bearing resolution accuracy with a 
flush-mounted antenna, according to 
James H. Muncy, acting chief of Bu- 
reau of Research and Development's 
collision prevention section. 

FAA therefore funded a program 
with Sperry to evaluate the suitability 
of this flush-mounted antenna. Flight 
tests are scheduled to start early in 
1961 at Atlantic City, according to 
Philip J. LaRochelle, assistant section 
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chief at the bureau. If the antenna 
feasibility is established, FAA is likely 
to fund additional effort on the Sperry 
system approach. 

Within the next several weeks, FAA 
expects to receive a cooperative-type 
PWI system, developed by Motorola, 
which will be flight-tested at Atlantic 
City. 'I lie system is viewed more as a 
tool for studying the usefulness of a 
proximity warning system as an anti- 
collision device rather than as the pro- 
totype of an operational system. 

A Radio Corp. of America weather 
radar with a proximity warning adapter, 
which has been undergoing flight tests 
for some months aboard a United Air 
Lines Convair 340, reportedly has per- 


formed well at high altitudes. At lower 
altitudes, its useful range is limited bv 
ground reflections. A study to deter- 
mine the possibility of a basically new 
airborne radar, specifically designed to 
perforin weather, terrain and proximity 
warning, may be funded by FAA. 

Within two months, FAA hopes to 
begin carefullv controlled tests to cvalu- 



in ^voiding collisions and the 

:s will be conducted using an 
aircraft gunnery simulator at 


A variety of collision and near-colli- 
sion situations can be projected on a 


hemispheric screen surrounding the air- 
craft simulator to measure a pilot’s 
ability to detect intrusions, assess their 
hazard and take required evasive action 
in time. Through the use of this ground 
simulator, FAA hopes to obtain con- 
siderably more factual data than previ- 
ously has been available. 

FAA is continuing its investigation of 
techniques for making aircraft more 
conspicuous in flight by means of fluo- 
rescent paint and external lighting. 
Under FAA contract, the Applied Psy- 
chology Corp. is using realistic simula- 
tion techniques to determine what 
visual aids can be used to decrease the 
collision hazard in VFR weather condi- 


Crash Stirs New York Air Traffic Probe 


New York— Civil Aeronautics Board 
investigators of the fatal midair colli- 
sion and crash of two airliners here 
Dec. 16 arc taking a broad look at air 
traffic control procedures and facilities 
in this high-density area, with particu- 
lar regard to their adequacy to inte- 
grate jet aircraft in bad weather. 

The crashes of a United Air Lines 
Douglas DC-8 jet into densely popu- 
lated Brooklyn and a Trans World Air- 
lines 1049A Constellation on Staten Is- 
land took at least 133 lives and hare 
touched off a controversy involving 
Federal Aviation Agency chief Elwood 
Quesada. 

Among the points of careful scrutiny 
arc reports that an omnirange, upon 
which the DC-8 pilot depended to fix 
his holding position in the area, had 
been the target of pilot complaints dur- 
ing the day the accident occurred. The 
UAL plane, 11 mi. from where it 
should have been, collided with the 
Constellation in rain and fog over 
Staten Island. 

The DC-8. Flight 826 out of Chi- 
cago, was cleared to Preston Intersec- 
tion, where it was to enter a holding 
pattern and await clearance for its ap- 
proach to Idlewild. The TWA plane. 
Flight 266 from Dayton via Columbus, 
had been cleared from Linden to de- 
scend to 1.300 ft. for its ILS approach 
to La Guardia Airport. 

The midair collision occurred at a 
point about 11 mi. north of the Preston 
Intersection. 

The DC-8 carried 77 passengers and 
a crew of seven; there were 30 passen- 
gers and five crew on the Constellation. 
At least five persons were killed in 
Brooklyn. 

The transcript of the conversation be- 
tween the two pilots and radar con- 
trollers in New York Center and La 
Guardia and Idlewild Approach Control 
rooms during the minutes preceding 
the crash did not explain why the DC- 


8 apparently overshot Preston Inter- 
section. But it did add these significant 
details to the official record; 

• United’s jet, crippled by the collision, 
flew along the localizer course to Li 
Guardia Runway 4 before crashing in 
Brooklyn. As the plane approached the 
airport's ILS outer marker, it was 
watched on radar by both La Guardia 
and Idlewild Approach Controls. 
Neither could establish radio contact 
with the pilot of the descending plane. 

• Glide path of the La Guardia ILS. 
which would have informed inbound 
pilots of their altitude as they de- 
scended along the localizer course to 
Runway 4. was out of service at the 
time of the crash. Moreover, La 
Guardia’s precision approach radar, 
which also furnishes altitude informa- 
tion. was inoperative. Thus controllers 
at the airport, during the emergency, 
had no means with which to measure 


Flight Voice Recorder 


Washington— Federal Aviation Agency 
plans to require installation of flight 
voice recorders on all airline transports 



Evaluation of various tvpcs of audio 
recorders available for me is being com- 
pleted by the agency’s research and 
development division, and a new rule 
requiring tlicir use in the cockpits of 
commercial trans|»rf5 will be issued 

Assn., has endorsed FA.Vs plans for the 

require their installation in the passenger 
cabin area as well as in the cockpit. 


the altitude of planes in their control 

• TWA’s Constellation was not in- 
structed to hold in the Linden pattern. 
Working with La Guardia Approach 
Control from the time he passed over 
the Solbcrg VOR at 9.000 ft., the 
TWA pilot was instructed to slow his 
aircraft to approach speed (about 130 
to 140 kt.) and to maintain present 
heading of about 100 deg. for a radar 
vector to the La Guardia final ap- 
proach course. 

• Approaching Linden, the TWA flight 
was instructed to turn right to 1 30 deg., 
a turn in the general direction of the 
Preston holding pattern. Seconds later. 
La Guardia Approach radioed. “Make 
that further right, one five zero.” It 
followed this transmission with a warn- 
ing that a northcastbound plane was 
six miles away and off the Constella- 
tion's right wing tip. 

• Last clearance acknowledged by TWA 

back to 130 deg. The controller then 
said. “That appears to be jet traffic off 
your right now. three o'clock, at one 
mile northcastbound.” As the controller 
stopped speaking, according to the tran- 
script. a “noise similar to that of an 
open microphone was heard for ap- 
proxnnatclv six seconds duration." No 
other transmissions were received from 
the Constellation. 

• United’s jet was at 14,000 ft. when 
it crossed Victor Airway 433, about 21 
naut. mi. from Preston Intersection. It 
had been cleared to Preston, to main- 
tain 3,000 ft., and advised that the only 
delay cn route would be in descending. 
Asked whether he could cross Preston 
at 5.000 ft., the United pilot replied. 
"Er. will head it right on down, we’ll 
dump it." At 400 kt., the jet would 
have traveled the 21 naut. mi. to Pres- 
ton in 3.2 min., at 300 kt. in 4.2 min. 
and at 200 kt. in 6.3 min. At this point, 
the pilot had two options: he could 
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have slowed his aircraft to a speed that 
permitted gear extension or inboard 
engine reversing and then started his 
descent, or he could have nosed the air- 
craft over and descended at the aircraft's 
redline airspeed. Both techniques would 
achieve approximately the same rate of 
descent. 

• New York Center radar last advised 
the United pilot of his position when he 
was 2 mi. from Victor Airway 435, and 
less than 24 mi. from Preston. As the 
jet reported leaving 6,000 ft. at 10:33 
EST, the Center instructed the pilot to 
contact Idlewild Approach Control and 
reminded him of his holding instruc- 
tions at Preston. 

• At 10:33 and 28 sec., the jet's pilot 
made his first and only call to Idlewild 
'pproach, "Approaching Preston at 

5.000. ” Five seconds later, Idlewild re- 
plied with an instruction to maintain 

5.000, a summary of the latest weather 
at the airport and a report that "little 
or no delay at Preston" could be ex- 

• Collision occurred between 10:33 and 
28 sec., when the jet pilot believed 
Preston was still in front of him. and 
10:34 and 41 sec. At this time, a La 
Guardia Approach Control official, 
speaking to Idlewild Approach Control 
on a direct telephone line, said: ”1 think 
we have trouble here with a TWA Con- 
nie. There’s something wrong. He’s not 
moving or anything. He might have got 
hit, uh. by another airplane.” Crash 
site was 11 mi. northeast of Preston 
intersection. 

Engine Found 

Investigators found the jet’s No. 4 
engine near the wreckage of the Con- 
stellation, which fell on Staten Island 
near the Army’s Miller Field. Pre- 
liminary indications arc that the jet’s 
engine struck the cabin of the Con- 
stellation slightly aft of the trailing edge 
of the right wing. Cabin fragments 
from that area of the cabin were found 
in the engine pod. Part of the jet’s 
right wing and right aileron also were 
in the area of the Trans World wreck- 
age. 

The controversy following the acci- 
dent broke out after Quesada held a 
press conference following his personal 
report to President Eisenhower on the 
crash. The FAA chief identified the 
collision site, asserted that the jet was 
11 mi. off course and the TWA plane 
precisely on course, and said the jet 
had reported that one of its two Omni 
receivers was inoperative. Loss of one 
omni receiver, he pointed out, should 
not have caused the plane to get off 

Quesada’s public discussion of these 
factors brought the following reactions: 

• G. Joseph Minetti, member of CAB, 
pointed out that the Board has the 
statutory responsibility to investigate ac- 

28 


cidcnts involving civil aircraft and that 
findings will be issued after investiga- 
tion is completed and all the evidence 
evaluated. 

• Whitney Gillilland, CAB chairman, 
refused to participate in Quesada's press 
conference on the grounds that CAB 
couldn't discuss the accident until the 
investigation has been completed. 

• Clarence N. Sayen, president of the 
Air Line Pilots Assn., called Quesada's 
statements "irregular and improper.” 
Investigation has scarcely begun. Sayen 
said, and statements at this time which 
even infer that certain events led to 
to the accident are “sheer speculation.” 
FAA is one of the parties involved in 
the accident since it installs and op- 
erates navigation, communication and 
traffic control facilities and promulgates 
rules, Sayen said, and FAA is an in- 
terested and involved party-. CAB has 
the responsibility of investigating the 
accident and fixing its probable cause, 
Sayen said, and Quesada’s statements 

- . must be viewed as an irregular 
abuse of public office and it is hoped 
that the practice will be immediately 

• United President W. A. Patterson 
said "we have always considered it out 
of order” in accident investigations to 
issue public statements "until the facts 
are known.” CAB has the responsibility 
and authority to investigate accident 
causes, Patterson said, and both United 
and FAA "arc jointly and severally ac- 
countable to the CAB for their actions 
and participation in the conduct of our 
New York flight." Quesada’s state- 
ments, Patterson said, left the impres- 
sion that the flight was carelessly op- 
erated and that there was a disregard 
of instructions from the FAA. “We 
cannot permit such an impression to 

questions of Quesada: (1) Was the 
Preston signal operating normally or 
were there reports of malfunction? 

(2) Did the area radar control center 
discontinue surveillance of the UAL 
trip and the Idlewild center then, as 
prescribed, pick up the surveillance? 

(3) Under the circumstances, was there 
any way in which the pilot could de- 
termine the malfunctioning of the 



Preston signal without the aid of radar 
surveillance in time to offset eleven 
miles of course? 

Quesada answered Patterson's spe- 
cific questions by letter, and in effect 
answered other criticism as well. Re- 
garding the questions, the Federal Avia- 
tion Agency chief: 

• Denied reports that Preston signals 
were not operating correctly in clear 
weather two hours after the accident. 
He said FAA heard two rumors indicat- 
ing malfunctions but they were not con- 
firmed. He said a flight check of Colts 
Neck omni and check of the flight 
transcripts indicated the rumors were 
untrue. 

• Asserted that under proper proce- 
dures approach control radar at Idlewild 
would not pick up radar surveillance un- 
til the flight was ready for release from 
its holding pattern and being given di- 
rections to the ILS. Idlewild was pre- 
pared to do so, he said, but could not 
locate the jet in or near Preston and 
obviously did not track it. He added 
there is no prescribed requirement for 
Idlewild Approach to immediately pick 
up radar coverage from air route control 

• The third question, Quesada said, is 
based on the incorrect assumption that 
Preston was not operating correctly. 

Regarding his release of information, 
Quesada said his statements to date 
concern “elemental facts" which should 
not be suppressed, “particularly where 
there is such a legitimate basis for pub- 
lic interest and press inquiry.” He also 
said FAA must act to determine if anv 
prompt safety measures are required 
and must react quickly to see if anv 
safety violations have occurred. 

CAB Probe 

CAB's investigation of the traffic 
control situation around New York 
will include use of a United DC-8 
which will fly the routes and patterns 
involved in the accident. Aviation 
Week has learned. If the agency finds 
a situation that calls for a change in 
procedure, immediate recommendation 
will be made to FAA without waiting 
for the official investigation to be con- 
cluded. 

Patterson’s questioning of the opera- 
tion of the “Preston signal" apparently 
refers to the Colt's Neck omni station, 
one of the transmitters providing a fix 
at the Preston intersection. 

According to a source close to the 
investigation, at least four pilots may 
have complained during the day of the 
accident that this omni was unreliable. 
There was investigation of reports that 
flags went up on omni receivers, indi- 
cating inoperativeness of the instrument 
or of the ground station; of fluctuations 
of the signal; and, in one instance, an 
indication of being over the station 
when a plane actually was north of it. 
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One of these reports was made by 
the pilot of an American Airlines jet 
trainer, who had been flying in the 
Preston area two hours after the crash 
and reported a malfunction of the Colts 
Neck omni. 

The Preston holding pattern has been 
questioned previously as being too close 
to the Linden pattern. At local meet- 
ings with VOR traffic control, ALPA 
representatives complained of this prox- 

tL Preston pattern is a right hand 

C attern and the Linden pattern left 
and, so that aircraft turn away from 
each other in holding on their respec- 
tive intersections in the two patterns. 
Nevertheless, only 5.5 mi. separate the 
patterns at their maximum degree of 
proximity. 

United Air Lines stopped using the 
Preston pattern immediately after the 
crash and now gets alternate routings. 
American Airlines also has stopped 
using Preston, calling the move purely 
precautionary. TWA, on the other 
hand, continues to use the pattern and 
said it will continue to abide bv the 
procedures and control instructions 
issued by FAA, which has the responsi- 


bility to develop air traffic control facili- 
ties, procedures and en route control of 
all air traffic. 

The Linden intersection actually 
made its first appearance on (Jeppeson) 
charts used by both United and TWA 
at 000 hr. oil Dec. 15, about 35 hr. 
before the collision. Pilots could have 
picked up the charts a week in advance. 
Some pilots had been refusing clearance 
to Linden before the crash on the 
grounds that Linden was unmarked on 
their charts. 

Maximum speed of all piston trans- 
ports in the New York control area is 
160 kt., fixed by FAA. No maximum 
speed for jets has been set by the agency, 
but most carriers’ operating manuals, 
which arc subject to I' AA approval, call 
for a jet holding speed of 1 80 to 200 kt. 

Winds aloft at the time of the acci- 
dent were, at the 5,000-ft. level, 210 
deg. at 20 kt., which would give the 
United jet a tailwind as it turned 
toward the Preston intersection from 
castbound airway V-30 onto the north- 
bound V-123. 

The flight recorder recovered from 
the wreckage of the DC-8 was expected 
to provide, for the first time according 


to CAB, an accurate record of opera- 
tion during the last phase of the flight. 
This Waste King Disposal Co. instru- 
ment records five parameters of flight: 
heading, time, altitude, speed, and g 
forces or acceleration. The case of the 
DC-8’s recorder was badly damaged and 
burned and the last 1 5 min. of the tape 
was gummed with burned insulation 
material. 

The tape last week was being soaked 
to remove this material and it was be- 
lieved the tape would be the cleanest 
record to date in such cases. The re- 
corder was carried to Washington by a 
CAB investigator and turned over to 
the Bureau of Standards, where it re- 
mained as of last mid-week. 

CAB has put together the largest 
group it has ever assembled in an acci- 
dent case to handle the investigation. 
Under Melvin N. Gough, new director 
of the Board's bureau of safety, the 
group has been split in two teams to 
cover each of the crashes. Philip Gold- 
stein is over-all director of the two 
teams, with George van Eppes of New 
York handling the DC-8 phase of the 
investigation and George Clark of Ft. 
Worth covering the Constellation. 
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India Presses New U. S. Route Demands 


By Robert H. Cook 

New Delhi— India will renew de- 
mands next March for more air routes 
to the U.S. while trying at the same 
time to retain its limits on the amount 
of service to India permitted U.S. flag 

Air - India International, newly 
equipped with Boeing 707-420s, has 
now become a competitive factor on the 
routes awarded India six years ago in 
an unusual bilateral that conceded to 
the Indians the authority to restrict 
U. S. flag carrier frequencies. Now there 
is pressure to add Honolulu to the In- 
dians' transpacific route and to extend 
it across the U. S. to New York to com- 
plete a round-the-world network. 

India also will press for further re- 
striction of U. S. carricrs-Trans World 
Airlines and Pan American World Air- 
ways-operating there. The key to set- 
tlement of this issue lies in agreement 
on interpretation of traffic volume 
studies to determine whether U. S. 
flag traffic is largely Third Freedom or 
Fifth Freedom. 

The point of contention is the pas- 
senger traveling on a U.S. carrier who 
stops en route between the U.S. and 
India. The Indians argue that he is 
Fifth Freedom traffic, which is traffic 
boarded in a third nation and carried 
to India. The U. S. carriers argue that 
he is Third Freedom traffic, which is 
traffic originating in the U. S. and 
terminating in India. Since flight fre- 
quencies arc based on Third Freedom 
traffic volume between the two nations, 
this is a crucial interpretation. 
Negotiations Requested 

These arguments arise because the 
Indian government asked early this year 
to reopen the bilateral agreement to 
discuss changes. Inconclusive discus- 
sions were held in October, and they 
will be resumed in March. Along with 
their campaign against U. S. carrier 
flight frequencies, the Indians want 
Honolulu added to the route they now 
have between Tokyo and San Francisco 
or Los .Angeles. They also want this 
route extended to New York to link 
with their transatlantic routes and a new 
polar route from both California cities 
to London, another junction point with 
present Air-lndia routes. 

State Department says the Air-lndia 
transpacific routing has generally been 
agreed to in the past, but the addition 
of Honolulu is an entirely new issue. 
State also says it has been understood 
that the Indians could use either San 
Francisco or Los Angeles, but not both 
as they now demand. 

Air-lndia has the authority to operate 


an unlimited number of flights into the 
U. S., but the Indian government re- 
stricts the combined frequency of TWA 
and Pan America into New Delhi and 
Bombay to six flights a week. 

Tire frequency freedom granted Air- 
lndia several years ago has been ac- 
corded all foreign carriers. State De- 
partment points out, but the agreement 
allowing India the right to control the 
number of flights of U.S. carriers into 
India is the only such stipulation signed 
with any foreign government. It came 
six years ago when sendee to the U.S. 
was not immediately contemplated by 
Air-lndia, and a number of routes were 
granted in exchange for an increase of 
the flight frequencies then allowed U. S. 
carriers in India. 

The six frequencies permitted the 
U. S. into India, four by Pan American 
at New Delhi and two by TWA at 
Bombay, are insufficient to handle the 
heavy volume of American travelers go- 
ing there, the two carriers contend. 

Americans account for the over- 
whelming majority of airline tourists to 
India, the airlines report. Figures from 
the Indian Tourist Bureau show that 
21,707 Americans flew to India last 
year, compared with 16,875 from the 
United Kingdom, 2,153 from France 
and 868 from The Netherlands. In the 
previous year, an estimated 18.000 
Americans flew to India but only 5,100 
traveled by U. S. flag carriers, which 
were limited to only five flights a week. 
A majority of the rest flew on Scandi- 
navian Airlines System and British Over- 
seas Airways Corp. In the same year, 
only 4,476 Indians traveled to the U. S. 

The acquisition of Boeing 707-420 
turbojets by Air-lndia, along with the 
airline's operational freedom into U. S. 
cities and its pooling arrangement with 
BOAC and Qantas Empire Airways, is 
causing deep concern on the part of 
TWA and Pan American, who view 
this combination as a powerful competi- 
tive threat. Air-lndia now has three 
707s, expects a fourth by spring, and 
hopes to purchase two more. The car- 
rier can be expected to increase its pres- 
ent frequency of three weekly flights be- 
tween Bombay and New York via Lon- 
don. The Indian carrier also has two 
other direct Bombav-London flights a 
week. 

Another point of contention between 
the negotiators will be the high fre- 
quencies permitted British Common- 
wealth carriers into India. BOAC and 
Qantas, which share a pool arrangement 
with Air-lndia, have a total of 21 fre- 
quencies a week, compared with the 
six flights for U. S. carriers and an aver- 
age of only two for carriers such as KLM 
and Lufthansa. 


Dr. P. Subbaryan, Minister of Trans- 
portation and Communications of the 
Indian government, objects to charges 
that the routes requested by India 
would eventually result in Air-lndia 
carrying an excess of Fifth Freedom traf- 
fic, and he told Aviation Week that 
granting of any further flight frequen- 
cies to 0. S. carriers depends on the out- 
come of the bilateral talks in March. 
India definitely wants to inaugurate a 
polar service from the U. S. West Coast 
to London, and Air-lndia would have 
an initial flight pattern of two flights a 
week between Tokyo, Honolulu and Los 
Angeles if that routing is approved, he 
said. In the near future, frequencies to 
London will be increased to seven a 

Air-lndia also has a pooling arrange- 
ment with Aeroflot, the Soviet carrier, 
for two weekly flights between Moscow 
and Bombay, and Dr. Subbarvan said 
his government had hoped to negotiate 
a Moscow-London link to permit a 
Delhi-Moscow-New York service. The 
idea was rejected by Soviet negotiators 
last year, but the Indian government ex- 
pects to press for the route next year. 

B. R. Patel, vice chairman of the Air- 
lndia board, views the India-U. S. bi- 
lateral talks as a simple matter of "give 
and take” on both sides. He contends 
that 99% of the total traffic carried by 
American carriers to India has been 
Fifth Freedom, since "Americans are 
the only world travelers” who can afford 
to stop at several points on vacations. 

Traffic Count Dispute 

Origin and destination figures, taken 
from airline tickets and submitted by 
the U. S. carriers, have never been used 
by India for traffic studies, he said, 
and do not give a fair picture of the 
amount of Fifth Freedom traffic carried 
by these airlines. Detailed figures re- 
flecting the actual number of passengers 
who use stopover privileges en route to 
India would reveal the U. S. carriers as 
handling an excess of Fifth Freedom 
traffic to India, Patel maintains. 

Replying to charges that the Indian 
government has failed to submit the 
necessary traffic figures needed to con- 
clude any further bilateral talks, Patel 
replied that although Air-lndia has only 
been operating into the U. S. for the 
past eight months, it could “imme- 
diately" submit the proper figures but 
would insist on submitting a second set 
of origin and destination figures “to 
match theirs." Requests by Air-lndia 
that the U. S. carriers supply figures 
reflecting the actual volume of "stop- 
over” passengers have been rejected, he 
said, on grounds that such an under- 
taking would be too costly. 
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SHORTLINES 


► American Airlines posted a 10% in- 
crease in November air freight revenue 
ton miles over traffic the same month 
last year. Freight ton miles carried last 
November totaled 9,823,000. 

► British Overseas Airways Corp. has 
scheduled introduction of Boeing 707- 
420 turbojet service on its European 
and Middle East routes for Jan. 30. 
BOAC will offer twice weekly round 
trips from New York to London, 
Geneva, Tel Aviv and Teheran. Along 
with transatlantic flights, the carrier cur- 
rently is offering daily Boeing 707 serv- 
ice from New York to Nassau in addi- 
tion to its daily Britannia service. 

► Export-Import Bank of Washington 
and the Development Loan Fund have 
allocated $2.6 million to help pay the 
costs of modernizing Lod International 
Airport at Tel Aviv, Israel. Of this to- 
tal, 2 million Israeli pounds-about SI. I 
million-repaid to the Development 
Loan Fund on previous loans will be re- 
loaned. The remaining SI. 5 million will 
be in U. S. dollars. 

► Federal Aviation Agency has estab- 
lished an Interagency Group on Inter- 
national Aviation (IGIA) to coordinate 
U. S. decisions on international avia- 
tion matters and make recommenda- 
tions to the State Department. FAA 
administrator and the Departments of 
State, Defense and Commerce and the 
Civil Aeronautics Board will be repre- 
sented. 

► Northeast Airlines has increased its 
Boston-Washington nonstop flights 
from six to eight daily. The carrier 
operates a total of 27 flights between 
the two cities, 19 of which stop at New 
York or Philadelphia. One flight each 
way originates or terminates at Mont- 
real, giving the Canadian city single- 
plane service to Boston and Washing- 


► Qantas Empire Airways is delaying 
departures of late evening flights from 
San Francisco until one minute after 
midnight to give passengers the full 
benefit of 17-day excursion tickets for 
San Francisco-London trips by giving 
them an extra day. 

► Trans World Airlines has received 
Civil Aeronautics Board permission to 
suspend its cargo and mail service to 
and from Gander, Newfoundland, on 
transatlantic flights from Dec. 27 
through May 1, 1961, due to a drop 
in cargo and mail traffic there during 
the winter season. 


AIRLINE OBSERVER 

► Domestic trunkline traffic declined sharply in November, giving further 
indication that 1960 net earnings of the 12 trunklines may fall below the 
54 million mark as first predicted by Aviation Week (AW Nov. 21, p. 35). 
The 3% drop in revenue passenger miles during the month depressed 
the industry’s monthly load factor to 54.39%, the lowest level reached in 
recent years. Available seat miles continued to climb, but the industry held 
the rise to an insignificant 1.7%. Meanwhile, coach traffic continued to 
make deep inroads into first class traffic, a trend that was highlighted 
early last summer when coach first provided more than half of total traffic 
(AW July 18, p. 39) and one that is expected to cut into gross revenues 
for the year. 

► American Airlines has conducted studies of the Boeing 727, Sud Caravcllc 
and the de Havilland 121 Trident for short-range operations. American 
now feels, however, that the Convair 990 turbofan transport which it has 
on order may have short-range capabilities better than those originally 
estimated, and this may eliminate the carrier’s requirement for a new short- 
range transport. 

► Civil Aeronautics Board was the last major government agency to receive 
copies of the United Research, Inc., report on competition between U.S. 
flag carriers, released earlier this month bv the White House (AW Dec. 19, 
p. 40). CAB officials were unable to lay hands on a copy of the report until 
four days after the White House released it. The report was sent to the 
White House last month, preceding the arrival of the Board’s Transpacific 
Route Case decision. 

► Trans World Airlines has conducted a survey to determine the foreign 
travel traffic potential from Europe to the U. S. Survey showed that U. S. 
visa restrictions arc the greatest deterrent to foreign tourist travel to the 
U. S. from Italy, Portugal, Greece, Spain and Israel. Spanish travel would 
increase an estimated 25% if red tape and delay in securing U. S. visas 
were cased, the survey concluded. Volume of British and Gennan tourists 
increased 20% and 25% respectively last year, but TWA found that most 
travelers from these countries found the U. S. too expensive for touring. 
Switzerland suggested the establishment of liostelries in the U. S. similar to 
those in Europe. 

► Allegheny Airlines has applied to the Civil Aeronautics Board for a heli- 
copter route serving the Washington, D. C., airport complex. Earlier, the 
Board announced it would investigate the need for scheduled helicopter 
operations between Washington and the three airports serving it (AW 
Dec. 19, p. 49). 

► Japan Air Lines will revise a forecasted $2.5 million deficit for the fiscal 
year ending Mar. 31, 1961, to a S700.000 net profit. Seijiro Yanagita, the 
airline's president, attributed the switch from a loss to a profit to the 
success of the carrier’s fleet of Douglas DC-8 jet transports. 

► Technical agreement has been reached with Britain on a compatible sys- 
tem of side-lobe suppression for radar traffic control beacons, after more 
than a year of tests and discussions. U.S. domestic airlines will be able to 
use the single-mode three-pulse technique, while international carriers will 
carry dual-mode beacons which also accommodate British two-pulse tech- 
nique. New dual-mode compromise will be proposed as an international 
standard to International Civil Aviation Organization. 

► Civil Aeronautics Board Examiner Joseph L. Fitzmauricc denied last week 
Qantas Empire Airways' request that he press the State Department for an 
official interpretation of the U. S.-Australia bilateral to determine whether 
it authorizes Tahiti as a stop on Qantas' transpacific ronte. Fitzmaurice then 
asked the bureau counsel to get the information for the record in the case 
involving this issue. State Department told South Pacific Air Lines last 
month that notes and records of the U. S. bilateral negotiating team showed 
no separate agreement making Tahiti an intermediate Qantas stop. State 
later decided its records indicate an informal understanding was reached, giv- 
ing Qantas rights at Tahiti. 
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Ethiopian Airlines Forges African Fink 


By Robert E. Farrell 

Addis Ababa, Ethiopia— Ethiopian Airlines, currently winding up its fif- 
teenth year of operation and its seventh consecutive profitable year without 
subsidy, is following an expansion program aimed at making the state-owned 
airline the leading carrier of independent Africa. 

Inauguration Nov. S of first transcontinental one-carrier service between 
east and west African coasts marks the latest step in Ethiopian Airline's tran- 
sition from a regional to an international airline. Carrier now senes 11 
countries in Africa, western Europe and the Middle Jast. It now operates 
over a network of 16,000 unduplicatcd route miles. New routes within 
Africa are being planned as well as introduction of jet equipment early in 1962. 
o: — : fs creat j on j n December, 1945, 


the carrier has been operated by Tr 

World Airlines under a management 
contract. TWA's mission has been 
to establish and operate a profitable 
airline as well as to train Ethiopian 
personnel. Currently, about 80% of 
the carrier’s 900 employes arc Ethi- 
opians. All top management jobs, how- 
ever, are still held by TWA executives. 
Latter are paid by Ethiopian Airlines. 
TWA has never held any stock interest 
in the African carrier. 

Ethiopian Airlines’ route structure is 
broken into three main segments: 

• Domestic and Middle East. Some 52 
points are served within Ethiopia, a 


PASSENGERS are 


n Ethiopia 


country ringed with deep canyons and 
high, inaccessible plateaus. Scheduled 
service is operated also to Djibouti, 
French Somaliland, to Hodcida and 
Taiz, in Yemen, and to Aden. Four 
DC-5s, three C-47s and two Convair 
240s are operated on this segment. 

• Africa-Europc. This segment stretches 
from Nairobi, in Kenya, some 700 mi. 
south of Addis, on through the Ethio- 
pian capital to Asmara, in northern 
Ethiopia, then on to Cairo, Athens and 
Frankfurt. Carrier-holds Fifth Freedom 
rights all along this route. DC-6B air- 
craft, of which the carrier has three, 
are used. 

Airlines DC-6B at Khartoum, Sudan, for last 


• Trans-Africa. Newly inaugurated 
route runs some 5,500 mi. across the 
horn of Africa from Addis to Monrovia, 
Liberia. Flight goes via Khartoum, 
Sudan: Lagos, Nigeria: and Accra, 
Ghana. Weekly service is operated with 
DC-6B aircraft. Carrier holds Fifth 
Freedom rights along the route. 

Biggest revenue earner among these 
three main routes is the Africa-Europe 
segment. Carrier operates three DC-6B 
flights weekly to Frankfurt plus an addi- 
tional two DC-6B flights terminating 
at Athens. Flight between Addis and 
Frankfurt takes about 16 hr. Carrier 
presently is not pushing expansion on 
this route. In fact, it cut back Addis- 
Frankfurt frequency from four flights 
weekly to three in order to shake loose 
DC-6B equipment for its new trans- 
African route. 

Opinions vary among Ethiopian Air- 
line officials as to how long it will take 
before this trans-African route becomes 
profitable. Yet there is no disagree- 
ment that the carrier's main expansion 
effort will be pushed within Africa. For 
political reasons, the Ethiopian govern- 
ment is anxious that its airline play an 
important communications role linking 
the newly independent African nations. 
During the Congo crisis, for example. 


leg of flight 





the government ordered the carrier to 
use its entire fleet on Congo airlift 

Inauguration of the carrier’s trans- 
African sen-ice on Nov. 8 stems largely 
from a resolution passed last June by 
the Conference of Independent African 
States. Meeting in Addis, the new 
African governments agreed to hasten 
development of airline service between 
their countries. African leaders resent 
the idea that many air links between 
their new nations must be made via 
former colonial capitals in western 
Europe. Ethiopian Airlines, as Africa's 
largest carrier owned by an "African 
government," understandably wants to 
play an important role in meeting this 
new demand. 

Trans-African Route 

Airline's trans-African route between 
Addis and Monrovia, Liberia, is sched- 
uled to take about 19 hr. Passengers 
leave Addis at 5:50 p.m. local time and 
arrive at Roberts Field, some 50 mi. 
from Monrovia, at 8:00 a.m. the follow- 
ing morning, local time. 

En route stops are made at Khar- 
toum, in the Sudan, at Lagos, Nigeria, 
and at Accra, Ghana. Carrier enjoys 
full Fifth Freedom rights along the 
route. Final details, however, have not 
yet been worked out between the 
Ethiopian and Nigerian governments 
over Lagos stop. 

Thus when Aviation Week partici- 
pated in the first scheduled flight on 
Nov. 8, Lagos was overflown. This 
made the longest leg— between Khar- 
toum and Accra— some 2,050 mi. Leg 
was flown in 81 hr. at altitude ranging 
between 12,000 to 14,000 ft. Aircraft 
grossed 99,258 lb. out of Khartoum and 
touched down at Accra grossing 80,608 

Present trans-African route pattern is 
only the beginning of the carrier’s 
African projects. Airline already has 
obtained full rights into Conakry. 
Guinea. But before extending north 
from Monrovia, Ethiopian officials want 
similar rights into Dakar, in the Sene- 
gal. These two stops, both north of 
Monrovia, would then justify staging a 
flight crew in the area. 

At present, the carrier’s DC-6B con- 
figuration on the trans-African run is 
26 first-class passengers and 55 tourist. 
Normal company DC-6B configuration 
is 26 and 45. Eight tourist seats are lost 
in setting up crew bunks. Each weekly 
flight carries two captains and two first 
officers. Pilots have about 1 1 hr. layover 
in Monrovia before starting back across 
Africa to Addis. 

Ethiopian aviation officials also talk 
about flight across Africa from Addis to 
Leopoldville, in the Congo. This route, 
as well as other projects within Africa, 
is being held in suspension until the 
political situation in these areas firms 




DOMESTIC and Middle East route patterns of Ethiopian Airlines are shown above. 
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up. Meantime, carrier officials expect 
to lose $280,000 on the trans-African 
run during the initial year. By 1963, 
■with increased frequency and jet equip- 
ment. it is expected that the route will 
begin to yield a profit. Some carrier 
officials think the route may tum profit- 

Thc carrier’s third main route pat- 
tern-domestic and Middle East-is 
gradually becoming more profitable. 
Out of 23 DC-3 routes, for example, 
1 3 arc now operated at a profit. Middle 
East points now served are restricted 
although future plans include linking 
the company’s new trans-African route 
out to Far East points via the Middle 
East. Company, earlier in its history, 
briefly operated air sen-ice to India. Its 
present flights to Aden are scheduled 
to link up with Air India and East Af- 
rican Airways service to the Far East. 

Ethiopian, in addition to these three 
main route patterns, also operates a 
fleet of six helicopters-one Hiller 12E 
and five Bells. Started in 1957, the 


helicopters are contracted out to the 
government and Point Four clients. 
Carrier employs four French and one 
Danish helicopter pilots. It charges 
$110 per hour average for helicopter 
work, flew 3,428 hr. in 1959, its peak 
year. The airline is considering pur- 
chase of heavier helicopters. 

Ethiopian government, while it wants 
the carrier to expand as rapidly as pos- 
sible, also demands that such expan- 
sion be achieved without subsidy. The 
carrier, in fact, is ending its seventh 
straight year of profitable operation, 
thanks mainly to its DC-6B operations. 

Ethiopian estimates it breaks even on 
DC-6B flights with 25 passengers. It 
needs 21 passengers to break even on 
its Convair flights. On its DC-6B trans- 
African run, which is not expected to 
yield a profit for several years, the com- 
pany figures it can cover cash costs of 
a flight with 14 passengers. Svstcm- 
widc breakeven pavload factor is 36% 
for 1960. 

Last year’s revenues of approximately 


$8,457,060 broke down as follows: 

Passenger revenues, 64.1%; freight, 
18.2%; mail, 3.5%; charter, 9.4%; all 
other, 4.8%. 

Net earnings in 1959, first full year 
of DC-6B operation to Frankfurt, 
jumped from $54,196 in 1958 to $296,- 
78S. This year, revenues are up 14% 
while passenger miles have increased 
16%. 

Carrier's normal annual revenue 
growth of 12% is expected to decline 
during 1961. This is because EAL 
will be running into jet competition 
while its jets-two Boeing 720Bs— won't 
be in operation until early 1962. Deliv- 
ery is scheduled for December, 1961. 
By the end of 1962, with a full year 
of jet operation behind them, comp.im 
officials expect to resume their annual 
12% revenue growth. 

Decision to buy jet equipment 
marked a significant step in Ethiopian 
Airlines’ history. Studies had shown 
that without jets, the company by 
1964 would have been forced to aban- 
don most of its international routes. 
It then would have reverted back to 
being mainly a domestic carrier. 

Thus the decision— thrashed out bv 
company officials at the Imperial Palace 
level— now permits the carrier to project 
its future with more certainty. Despite 
a one year delav in getting government 
agreement to "go jet.” Ethiopian Air- 
lines’ officials estimate that bv 1965 the 


Role During Revolt 

Addis Ababa, Ethiopia -Ethiopian 

feted little damage despite severe fight- 
ing during the abortive coup d'etat 
against the rule of Emperor Haile 
Selassie. 

The carrier, managed by Trans World 
Airlines, resumed complete international 
service on Dec. 19. even before street 
fighting in the capital had ended. Re- 
sumption of domestic service, on a lim- 
ited scale, also was well under way. 

Tlic company lost only one employe, 
a German hciicoptcr mechanic, who 
was shot in Addis while attempting to 
seek refuge at the Dutch embassy. 

The carrier played an important ioIc 

revolt, led by a clique of army officers. 
At the time of the revolt, the emperor 
was visiting in Brazil. From Sao Paulo 
his Ethiopian Airlines DC-6B, piloted 
by company captains Robert Green and 
Robert Moon, flew the emperor back 
to Ethiopia within 48 hr. 

Main communication out of Addis 
during initial fighting was achieved by 
company employes transmitting on equip- 
ment in another company DC-6B 
grounded at the airport. Transmission 
of news was carried out despite fighting 
in and around the airport terminal. 
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STEERING GEAR FOR ASTRONAUTS 


Conventional aircraft control surfaces will not guide 
space ships and capsules. Rudders, ailerons and ele- 
vators find no resistance and hence produce no 
reaction to their movements where there is no atmos- 
phere. Even at altitudes only half way up, they are 
sluggishly ineffective. 

The accepted answer to a dependable steering mecha- 
nism for astronauts is a system of jet reaction controls 
developed and produced by Bell Aerosystems Com- 
pany. First used on Bell’s own supersonic X-1B 
several years ago, the system has been greatly improved 
and adopted for the X-15, the Mercury man-in-space 
project and other space vehicles. 

Through strategically located, low and high thrust (1 to 

<3 


1500 pound) rocket engines. Bell's reaction controls 
not only position and guide the ship by controlling the 
roll, pitch and yaw, but they also provide for orbit 
changes and retro-thrust. Some of the jets are throttle- 
able while others can be operated in combination to 
provide the astronaut positive and flexible control. 
This revolutionary steering gear for space, available 
using monopropellants or high energy bipropellants, 
is just one of many advanced projects which are 
currently engaging the diversified talents of Bell 
Aerosystems Company in the fields of rocketry, avi- 
onics and space techniques. Engineers and scientists 
seeking challenging, long-range career opportunities 
can find them at Bell. 

BELL AEROSYSTEMS company 
BUFFALO 5. N.Y. 

DIVISION OF BELL AEROSPACE CORPORATION 
A TEXTRON COMPANY 



Missile experience shows that in certain 
heat control situations no one material 
wiU perform as well as two (or more)— 

Problem is how to effectively combine 
these materials into a structurally strong 
unit? The answer is Min-Klad Intcrlok 
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1) Outer facing, 2) Interlocking 
4) Inner facing. 
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Min-K insulation and reinforced plastic, 
metal or other high-temperature facings. 

The result: one product that gives the 
missile designer every advantage of high- 

strength. toughness, rigidity! Erosion re- 
sistance! High heat capacity! 

. . . plus the outstanding advantages of 
Min-K insulation— an insulating core that 
has the lowest thermal conductivity avail- 
able for service temperatures up to 2000°F 
steady-state, and higher for transients. 
Min-K's thermal conductivity is actually 
lower than the molecular conductivity 
of still air. 

Wide range of facings 

For the hot face, the missile designer can 


specify Min-Klad Interlok in a wide 
variety of heat-resistant and/or ablating 
materials— asbestos-phenolic (ARP-40), 
and similar reinforced plastics, as well as 
stainless steel and other heat-resistant 
metal foils and meshes. For some require- 
ments. the cool face can be made of a 
different material— for example, one that 
offers characteristics required for bonding 
or fastening to other surfaces and parts. 

Like all J-M Aviation insulations. Min- 
Klad Intcrlok is factory-fabricated to 
your specifications into external skin 
panels, heat shields, cylindrical liners or 
component housings of any shape or size. 
Write today for technical specifications. 
Address Johns-Manvillc. Box 14, New 
York 16. New York. In Canada. Port 
Credit, Ontario. 
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airline will be reporting annual revenues 
of S14 million and net earnings of 
SI. 72 million. 

It is likely Ethiopian also will order a 
third Boeing 720B. even before it takes 
delivery on its first two Boeings next 
December. Aircraft, powered by four 
Pratt & Whitney JT3D-1 turbojets 
each developing 17,000-lb. thrust, is 
well-suited for the company's 8,000- 
ft. operation at Addis Airport. Carrier 
officials say their special altitude and 
temperature problem at Addis could 
not be handled bv anything but a 
turbofan-powered aircraft. Aircraft fi- 
nancing. as in the case of the DC-6Bs, 
is being handled through Export-Im- 
port Bank advances. 

Ethiopian Airlines currently does 
complete airframe and engine mainte- 
nance work at Addis, both for fixed- 
wing aircraft and for the carrier's heli- 
copter fleet. Radio and radar upkeep, 
and 80% of instrument maintenance 
work, arc done as well. Maintenance 
force totals 255 employes of whom 15 
are American and 5? are Europeans 
from 12 different countries. Productiv- 
ity is relatively low due to the neces- 
sity of training Ethiopian personnel. 
Maintenance Problems 

Company has had only two premature 
engine removals out of 35 major over- 
haul jobs on its P&W R-2800 engines. 
Company's fleet of three DC-6Bs, two 
Convairs and seven DC-3 type aircraft 
fly some 340 scheduled flight hours 
weekly of which 252 hr. are on inter- 
national runs. P. C. Simpson, the car- 


altitude and temperature conditions at 
Addis Airport have presented no knotty 
maintenance problems. 

Domestic DC-3 operation, however, 
does. These aircraft are regularly oper- 
ated in and out of rough strips, some 
laid out at 9,000 ft, altitude, others in 
tropical valleys. All the carrier's DC-3s 
are equipped with single disk brakes 
and fixed cowl flaps. Gears and stabi- 
lizers, which bear the brunt of daily 
landings on roughly prepared strips, 
have to be changed after 3,000 hr. 

Company’s present maintenance set- 
up will not be altered with the arrival 
of jets. Carrier intends to continue 
handling its own maintenance require- 
ments. Boeing has agreed to set up a 
training operation at Addis and to main- 
tain two technical representatives on 
the spot for three years. Pratt & Whit- 
ney will station two field men, keeping 
one at Addis on a permanent basis. 

Ethiopian Airlines was organized in 
1945 when Emperor Haile Selassie re- 
quested Washington's aid in establish- 
ing a national airline. Ethiopian govern- 
ment wanted American help despite the 
fact that the British had liberated the 
country early in World War II and 
were on the spot. Ethiopian officials 



CHART shows Ethiopian Airlines' steady in- 


traditionally follow a policy of never 
letting any one country obtain too 
much influence. Moreover, in 1945 the 
government was disputing border issues 
with the British over Somaliland. 

U. S. State Department turned over 
the Ethiopian request to Trans World 
Airlines, the only U.S. carrier licensed 
to fly in the region. Management con- 
tract between the Ethiopian government 
and TWA was signed in 1945. TWA 
was paid an annual management fee of 
S25.000 for its services. U.S. C-47 sur- 
plus aircraft, flown by Air Transport 
Command pilots especially discharged 
for the job, provided the raw material 
for Ethiopian initial operation. 

Original contract ran for seven years, 
until 1952. At that time neither side 
seemed certain it wanted to continue 
the relationship. Heavy losses were run 
until 1949-50, when the line showed 
a profit, then again began losing money. 
Several other foreign carriers sought the 
contract. According to one published 
report, "British interests” offered not 
only to operate Ethiopian Airlines but 
to pay the government for the right to 
do so. 

After a year of indecision on both 
sides, a new three-year contract was 
signed in 1953. TWA's right to ap- 
point half the line's board of directors 
was cut to a single appointment. From 
1953 the company began to turn a 
profit and in 1955 the carrier’s present 
and highly successful managing direc- 
tor, Victor H. Harrell, Jr., took over. 

Contract was easily renewed in 1955, 
one year ahead of time, and presently 
remains indefinitely in force. TWA 
management fee currently is S35.000 
annually. Harrell, after a long and suc- 
cessful career with Ethiopian Airlines, 
finally is being recalled by TWA. 

Harrell is responsible both to Ethio- 
pian Airlines' hoard and to TWA man- 
agement in New York. TWA's man- 
agement aid to the African carrier won 
special tribute in a detailed study made 
of Ethiopian Airlines’ operation by the 


National Planning Assn, in 1959. 

Ethiopian officials appear to be satis- 
fied with TWA's efforts at Addis. Link 
between the two companies helps 
Ethiopian Airlines in several ways. 
TWA, for example, charges Ethiopian 
Airlines only 5% to cover costs of 
TWA purchases for the African car- 
rier. If bought straight from Addis, this 
fee would range from 10 to 15%. 

TWA, under separate contract, also 
operates a National Airlines Training 
Program at Addis with funds supplied 
by ICA. The U.S. carrier also helps 
Ethiopian with special problems, such as 
studies leading to jet equipment pur- 
chases, without charging a sendee fee. 

On traffic, TWA gets about the 
same amount of business from Ethio- 
pian as it gives the carrier. TWA peo- 
ple on loan to Ethiopian Airlines, how- 
ever, are under strict orders to put the 
airline's interests first. Ethiopian offi- 
cials say they have no complaint on this 

Ethiopian's main complaint deals 
with slow advancement of Ethiopians 
in the company. Highest operating post 
held by an Ethiopian is director of ac- 
counting. All other top posts, as pro- 
vided for under the present contract, 
are held by TWA personnel on loan to 
the carrier. Harrell feels Ethiopians are 
well enough trained to operate the line 
if it were just a regional carrier. But with 
the line's routes now expanding rapidly, 
and jet equipment coming in, it's hard 
to see how the current rate of advance- 
ment can even be maintained. 
Personnel Problems 

If the advancement is slow, there are 
some good reasons. Hie country, for 
example, still has an illiteracy rate of 
well over 90%. This naturally makes 
recruiting of basic personnel difficult. 
Well-educated Ethiopians usually arc 
snapped up by the government, or re- 
fuse to enter the airline unless a high 
post is offered them. 

Finally, supply of flight and ground 
crew material currently is being 
squeezed off. Ethiopian air force is ex- 
panding and wants to hold on to its 
trained personnel. 

Yet, of the carrier's 40 fixed-wing 
pilots only 19 are Americans— many of 
them having flown with the airline for 
10 vears-while the rest arc Ethiopian. 
Six Ethiopian pilots are DC-3 captains 
and one captains a Convair. Latter pilot 
will be checked out on DC-6B equip- 
ment in 1961. 

The carrier presently has four Ethio- 
pian girls working as hostesses. Ethio- 
pian families, however, usually do not 
regard a hostess post as a fitting job 
for their daughters. Carrier is trying to 
offset this by filming girls soaking up 
culture in Athens and other Ethiopian 
Airlines' layover points in Europe and 
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HTRE-3 core shown during assembly above consists of many hcxagonally shaped zirconium 
oxide moderator bars which have a large round hole along their centerline. Small fuel 
tubes will be fitted in the center of these holes. The engine air will pass through the 
holes and will be heated by the fuel tubes. Small tubes standing alone throughout the 
core are for control rods. Reflector blocks of beryllium are placed around the perimeter of 
the core. Reactor for Heat Transfer Reactor Experiment No. 2 (HTRE-2) is shown above. 
It closely resembles the HTRE-1 reactor except that a hexagonal section has been removed 
from the center of the core. It is possible to test a wide variety of experimental reactor 
segments in the center of the HTRE-2 unit. I lie experimental segments are too small 
to "go critical" and produce power if tested outside of the HTRE-2 reactor. The first 
ceramic fuel elements were tested in this reactor. 




ALUMINUM fuel clement tubes for the 
HTRE-1 reactor are in place above during 


Special Report: 


Direct-Indirecl 

This is the second of a series of arti- 
cles on the various applications of 
nuclear power to aircraft and space 
vehicles. 

Washington— An intense competition 
between the indirect and direct cycle 
nuclear turbojet engines has been in 
progress since the Aircraft Nuclear Pro- 
pulsion program was initiated in 1950, 
and it is still impossible to show that 
either engine type is clearly superior to 
the other. 

Today, most experts apparently re- 
gard the General Electric direct engine 
as the best nuclear powerplant for the 
near future and they credit the Pratt & 
Whitney indirect cycle engine with 
more long term growth potential. They 
also emphasize that this evaluation is 
tentative and that a realistic technical 
decision cannot be made for at least two 
years— until more test data is available. 

The details of the nuclear power- 
plant competition are extremely com- 
plex but a general comparison can be- 
gin with two points on which propo- 
nents of each engine agree. These are: 

• Principal development problem with 
the direct cycle engine is the reactor. 
This engine requires an extremely ad- 
vanced reactor bv present standards, and 
in manv ways it pushes nuclear tech- 
nologv beyond its current limits. 

• Indirect cycle engine has a more con- 
ventional reactor, and its primary de- 
velopment problems are in the heat 
transfer systems needed to get the 
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Nuclear Engine Choice Awaits Test Data 


LIQUID metal turbopnmp 
approximately 4 ft. long, 
driven by engine bleed ai' 
lower end and the engine 


Whitney for the indirect cycle engine is shown at left. The complete unit is 
metal is in the lower portion of the picture and the upper section is the turbine 
liquid metal turbopump shows the centrifugal pump for the liquid metal at the 
the upper end. 
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TYPICAL intermediate heat exchanger design under consideration for the indirect cycle engine is shown at left. The intermediate heat 
exchanger is needed on the two loop system to connect the primary and secondary liquid metal circuits. Reliability problems with the 
heat transfer system of the indirect cycle nuclear engine are illustrated to a degree in this 100 tube header section for the radiator that 
heats the engine air (center). Experimental radiator core for on indirect cycle nuclear engine is shown at right before a test at Pratt 
& Whitney. Specific designation for this design is the tubc-and-spiral-fin-involute type. 


nuclear heat from the reactor to the en- 
gine air stream. 

This does not imply that the indirect 
cycle reactor docs not have verv high 
performance compared with current 
nuclear power systems. Any reactor use- 
ful in an aircraft will have to exhibit 
such performance. The indirect cycle 
reactor has a much higher operating 
temperature and a much higher power 
density than operational reactors on 


ships and in stationary power units on 
land. Although it represents a major 
advance in reactor technology’, its 
lineage stems more from current work, 
and it is more an extension of conven- 
tional concepts than the direct cycle 

Consequently, the indirect cycle re- 
actor has great appeal to nuclear scien- 
tists and engineers. Its development is 
not near completion, but most of these 


experts regard it as well within the state 
of the art demonstrated by research 
work in the past few years. 

Indirect Cycle Advantages 

Specific advantages of the indirect 
cycle unit include a total reactor vol- 
ume which is about one-fourth that of 
the direct cycle reactor for the same 
power output. The maximum reactor 
dimension is about one-third that of 
the direct cycle reactor-roughly two 
feet compared with six feet in diameter. 
Power density' of the indirect cycle re- 
actor can be about six times higher 
than the direct cycle according to cur- 
rent estimates. 

Shielding weight, which is a critical 
item in the design of a nuclear-powered 
aircraft, is extremely sensitive to reactor 
volume and diameter. Shield weight is 
approximately a function of the square 
of the reactor diameter. Therefore, if 
power output stays constant, a moder- 
ate increase in the reactor diameter will 
cause a major increase in shield weight. 
The small reactor volume and the rela- 
tively low shield weight is the main 
reason why many nuclear engineers be- 
lieve that the indirect cycle will prove 
the lightest possible configuration. 
Small Volume 

Small volume of the indirect cycle 
reactor is possible because it uses a 
highly efficient liquid metal heat transfer 
agent and reactor coolant. The nuclear 
engineer tends to regard the liquid 
metal as a coolant for the reactor, and 
the aircraft gas turbine engineer looks 
on it more as a means of delivering 
heat energy to the propulsion system. 
At any rate, the heat transfer system 



AVIATION WEEK. December 26, 1960 



FLATTENED-fin-and-tube radiators have also been tested in the Pratt & Whitney radiator test program. This is one of the better designs 
as far as heat transfer performance is concerned. Ease of manufacture is one of tile most important points in the selection of a radiator 
design. Fins on the straight-tube-and-fin design at right arc tight spirals with complete fin for each tube cut from same piece of metal. 


must be designed to deliver large quan- 
tities of heat to the turbojets under 
rapidly varying conditions, and at the 
same time, the reactor temperature must 
be kept from exceeding tne maximum 
allowable level. 

Compared with the indirect cycle’s 
liquid metal heat transfer agent, the 
direct cycle must use air for this pur- 
pose, and air is not very efficient. The 
heat transfer properties of a coolant are 
basically a function of its thermal con- 
ductivity, its specific heat or heat ca- 
pacity and its density, and the relative 
attractiveness of liquid metal and air 
can be illustrated to a considerable ex- 
tent by comparing these factors. 

Heat Transfer Comparison 

Direct comparisons are rather dif- 
ficult because these three properties 
are somewhat temperature and pressure 
dependent. Under the operating condi- 
tions of interest, however, most liquid 
metals will have a density 1,000 to 
1,500 times higher than air. 'Die spe- 
cific heats of air and the liquid metals 
are roughly the same. Pure solid met- 
als have the highest thermal conductiv- 
ity, followed by metal alloys, non-metal- 
lic solids, liquids and gases in that 
order. In general, the thermal conduc- 
tivity of gases is about one-tenth that 
of liquids. 

Over-all then, the heat transfer effi- 
ciency of a given volume of liquid metal 
is several thousand times higher than 
that of the same volume of air. Only 
reason that the direct cycle, air-cooled 
reactor size can approach the size of the 
indirect cycle reactor is because a very 



FULLY assembled HTRE-5 reactor is mated with the heavy shielding plug which is secured 
in front of the reactor to keep radiation from streaming out of the core. 
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For your Telemetry needs 
a new Subcarrier Oscillator with.. . 


• True Differential Input 

• Direct Actuation from Outputs 
of Grounded or Ungrounded: 


• Isolated Input and Output 


• High Common Mode Rejection 
with no D.C. Level Restrictions 



Universal-Millivolt Level Subcarrier Oscillator 


Flexibility of application has been a prime design 
objective in the development of this new low-level 
transistorized subcarrier oscillator. Tele-Dynamic’s 
Type 1254A directly replaces the combination of pre- 
amplifier and high-level subcarrier oscillator now used 
in FM telemetry. Eliminating the need for preampli- 
fication insures more reliable operation through your 
whole telemetry system. The differential inputs of 
the new 1254A may be biased at any DC level within 
50 volts of power ground. All grounds are inde- 


pendent, including signal ground, power ground, out- 
put return and case ground. This oscillator is only 
one of a family produced by Tele-Dynamics for your 
specific system needs, along with a companion tran- 
sistorized wideband amplifier and mount. For detailed 
technical bulletins, call the American Bosch Arma 
sales offices in Washington, Dayton or Los Angeles. 
Or write to Tele-Dynamics Division, American 
Bosch Arma Corporation, 5000 Parkside Avenue, 
Philadelphia, Pa. 


TELE-DYNAMICS 

DIVISION 

BOSCH /UtM/t COBBOMTIOH 



large volume of air is moved through it 
by the rotating machinery of the gas 
turbine engine. Direct cycle nuclear 
turbojets will have air flows in the 
neighborhood of 300 lb. per second, or 
around -1,000 cu. ft. of air a second. 
This is roughly twice the air flow of the 
J79 turbojet. ' 

There are two main drawbacks to the 
use of liquid metals as heat transfer 

highly corrosive and pyrophoric. 

The indirect cycle engine has another 
major design advantage due to better 
heat transfer conditions. The radiator 
used in this engine to heat the engine 
air does not have to be shielded, and 
it can be designed to give the maximum 
heat transfer efficiency. Diameter of 
this radiator can be taken up to 9 ft. 
or so, and the engine air can be slowed 
down so its pressure losses during the 
heat transfer are reduced. 

As the pressure losses are reduced, it 
is possible to operate at a lower-radiator- 
temperature and still produce the same 
thrust. 

It is not feasible to increase the di- 
ameter of the reactor in the direct cycle 
engine simply to get better heat trans- 
fer performance. The requirement for 
the lowest possible reactor diameter to 
minimize shield weight is the most 
stringent facing the direct cycle de- 

If reactor diameter were increased 
while power output stayed constant, 
the increase in shield weight would 
quickly offset any improvement in 
heat transfer efficiency, and the en- 
gine’s power-to-weiglit ratio would be 
reduced so its effectiveness in an air- 
craft would be lowered. 

Design of the radiator for the indi- 
rect cycle engine is not a simple mat- 
ter, and its diameter and length will 
vary depending upon the performance 
desired from the aircraft. Radiator size 
is a function of several variables, includ- 
ing thrust desired, operational altitude, 
exit temperature, pressure drop, radi- 
ator weight and maximum frontal area, 
which is limited by the maximum fuse- 
lage diameter, which is in turn fixed by 
tlie flight speed. 


In general, if very high thrust and 
high flight speeds arc required, the 
radiator will be lengthened to provide a 
high exit temperature, but this will in- 
crease thrust only to the point where 
the pressure losses which accompany the 
increased length do not overcome the 
thrust gain due to the higher exit tem- 
perature. The radiator length which 
docs produce the maximum thrust for a 
given speed and altitude may not be 
optimum as far as total engine per- 
formance is concerned. Adjustments to 
length and diameter usually have to be 
made to get the lowest thrust-to-weight 
ratio for the entire engine. 

While the radiator is responsible to 
a large degree for the flexibility and 
high performance of the indirect cycle 
engine, it is also one of the major de- 
sign problems with that engine. Croat 
strides have been made in radiator and 
heat transfer fluid research and develop- 
ment during the past 10 years. Many 
difficult problems have been solved con- 
cerning the use of highlv corrosive 
liquid metal heat transfer fluids and a 
wide variety of radiator materials and 
their assembly techniques. 

Dual Loop System 

As a result of this work, it is now 
considered possible to operate an indi- 
rect cycle engine using two heat transfer 
loops. The primary loop in this system 
circulates a fluid through the reactor 
and out into an intermediate heat ex- 
changer. The secondary loop is entirely 
separate and circulates a different kind 
of liquid metal through the interme- 
diate heat exchanger and into the ra- 
diator which heats the engine air. 
There is no mixing of the two heat 
transfer fluids in the intermediate heat 
exchanger. 

The two-loop, indirect cycle engine is 
the type which will be used in the Con- 
vair testbed aircraft if the indirect cycle 
is selected for flight. This is also the 
tvpe of indirect cycle engine used in 
the comparisons made concerning the 
relative weights, efficiencies, etc., of in- 
direct and direct cycle systems. 

Radiators and heat transfer fluids 
must still be improved further, how- 


ever, before it is possible to take full 
advantage of the indirect cycle system 
by constructing an engine with only 
one heat transfer loop that runs directly 
from the reactor to the radiator. Two 
main problems stand in the way of de- 
velopment of a one-loop powerplant, 
which would significantly reduce the 
weight and complexity of the indirect 
cycle engine. These arc to develop: 

• Radiator material which is resistant 
both to oxidation from the air passing 
over the hot tubes and internal corro- 
sion from the liquid metal passing 
through them. On the current two-loop 
engine design, the primary loop passing 
through the reactor is filled with a 
highly corrosive liquid metal, the exact 
composition of which is still secret. 
The solid metal used to contain this 
liquid metal must be corrosion-resistant 
at a wry high temperature. Colum- 
biutn is one of the few base metals 
which has this property, and a colum- 
bium alloy is used for the tubing in 
the primary loop. However, colum- 
bium oxidizes rapidly at elevated tem- 
peratures. 

It has not been possible so far to 
develop an effective cladding for coluin- 
bium or an alloying substance which 
would allow it to be exposed to air at 
high temperatures. If this can be done, 
the one-loop system will be possible. 
On the two-loop design, the primary 
loop can be enclosed and the oxidation 

C roblem eliminated. The secondary 
•op, which includes the engine ra- 
diator, is made of stainless steel which 
will resist oxidation at the required 
temperatures. It does not have a strong 
resistance to corrosion, however, so the 
liquid metal used in the secondary loop 
is a non-corrosive sodium-potassium 
alloy. 

• Heat transfer fluids which do not be- 
come radioactive when they pass 
through the core of a reactor. The 
main reason that the sodium-potassium 
liquid metal alloy cannot be used in the 
primary loop is that it is highly activated 
as it passes through a reactor, and any 
engine radiator which used it as a heat 
source would base to be heavily 
shielded. Use of shields around the en- 
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CORPORATION 


"Essentially, this corporation will be 
people— people of the highest quality. 
The United States Air Force recog- 
nizes that men of great scientific and 
technical competence can perform at 
their best only when they can exercise 

ership which creates the climate for 
creativity. We expect Aerospace Cor- 
poration to provide that kind of 

Secretary of the Air Force 
Among those providing their leader- 
ship to this new non-profit public 
service corporation are: Dr. Ivan A. 
Getting, president; Allen F. Donovan, 
senior vice president, technical; Jack 
H. Irving, vice president and general 
manager, systems research and plan- 
ning; Edward J. Barlow, vice president 
and general manager, engineering divi- 
sion; and Dr. Chalmers W. Sherwin, 


are creating a climate conducive 
to significant scientific achievement 


vice president and general manager, 
laboratories division. 

These scientist/administrators are 
now selecting the scientists and engi- 
neers who will achieve the mission of 
Aerospace Corporation: concentrating 
the full resources of modern science 
and technology on rapidly achieving 
those advances in missile/space systems 
indispensable to the national security. 

The functions of Aerospace Cor- 
poration include responsibility for: 
advanced systems analysis; research 
and experimentation; initial systems 
engineering; and general technical 
supervision of new systems through 
their critical phases, on behalf of the 
United States Air Force. 

Aerospace Corporation is already 
engaged in a wide variety of specific 
systems projects and research pro- 
grams— offering scientists and engi- 


neers the opportunity to exercise their 
full capabilities, on assignments of 
unusual scope, within a stimulating 
environment. 

Immediate opportunities exist for: 

• Weapons System Project 
Director 

• Senior Scientists/Supervisors: 

Propulsion Systems 
Guidance Systems 
Spacecraft Design 
Telecommunications 

• Space Vehicle Specialists; 

Senior Power Systems Engineer 
Sr. Flight Performance Analyst 
Re-entry Aerodynamicist 
Those capable of contributing in these 
and other areas are invited to direct 
their resumes to: 

Mr. James M. Benning, Room 101 
P.O. Box 95081, Los Angeles 45, Calif. 


id vital force 


AEROSPACE CORPORATION 

engaged in accelerating the advancement of space science and technology 



gine radiators would negate the main 
advantages of the indirect cycle-light- 
weight and radiator size flexibility. 
Two-Loop Complexities 

It seems fairly certain that the neces- 
sary materials will not be developed 
in time to make the first generation 
indirect cycle engine a one-loop sys- 

Dcveloping an operational two-loop 
engine will be a major engineering 
achievement. The four indirect cycle 
engines needed in the Convair testbed 
aircraft will have a total of more than 
IS mi. of tubing and thousands of 
connections and joints in their radiators, 
pumps and intermediate heat ex- 
changers. 

The task of keeping these systems 
from leaking is formidable, and it is 
still a development problem. If the 
development is successful and it is 
possible to build complicated heat ex- 
changer systems of this type which will 
give thousands of hour’s of leak-free 
service, then it will be one of the first 
times that any completely reliable, 
high pressure, high temperature, non- 
leaking fluid power system has ever 
been constructed. The necessity for 
leak-free operation is doubly critical 


on these nuclear engines because the 
liquid metal heat transfer fluids are 
pyrophoric. Any time the system leaks, 
it catches fire. 

Substantial engineering efforts have 
gone into the development of the 
radiators, pumps, etc., needed for the 
indirect cycle heat transfer systems. 
This effort includes fire warning sys- 
tems and special valving to isolate 
leaking sections of the system. Most 
of the work directly related to aircraft 
engines has been carried on by Pratt & 
Whitney and the Oak Ridge’ National 
Laboratory. A number of other con- 
tractors have contributed basic knowl- 
edge in this field which is applicable 
to both flight and ground-based in- 
direct cycle nuclear powerplants. 
Radiator Development 

Two main directions have been taken 
in radiator development, one toward 
more efficient tube geometries and 
arrangements, and the other toward 
longer life and greater dependability. 
Several years ago, improvement was 
needed in both directions. 

The largest part of Pratt & Whit- 
ney’s research effort has been directed 
toward improving efficiency. While 
many individual tube geometries and 


tube arrangement patterns have been 
tried, all of the radiators have had 
cither smooth wall tubes or tubes with 
fins. One of the most successful 
radiators built to date is the spiral or 
involute type shown on page 43, 
which uses smooth wall tubes. One 
configuration is considered to be some- 
what more attractive than the involute 
type, but this is now scheduled for use 
in the first flight type engine and its 
exact geometry has not been revealed. 
Improved Reliability 

Reliability improvement has been 
the principal objective of the radiator 
work at Oak Ridge, and some units 
have been run there up to 15,000 hr. 
without trouble. 'Hie main problem 
has been that it has been nearly im- 
possible to build good radiators con- 
sistently or to predict on the basis of 
inspection records which radiator will 
give satisfactory performance and which 
will not. 

Most radiator work in the future by 
all contractors and agencies apparently 
will be directed toward improving the 
reliability of the units which past re- 
search has shown to be the most effi- 
cient. This can be done only through 
laborious cut-and-trv testing to improve 
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ONE-MAN ANTI-TANK MISSILE 

The only velocity guided infantry anti-tank missile 

■ Instant readiness ■ Higher accuracy than any 
comparable weapon ■ Lethal to the heaviest 
known armour ■ Smooth, direct and stable 
control ■ Only 5 hours simulator training plus 3 
or 4 live rounds ■ Complete concealment in attack 

BRITISH AIRCRAFT CORPORATION 


How thrust reversers slow the DC-8 



You can bring a Douglas DC-8 to a stop after touch- 
down on the runway at 148 mph because of unique 
Stainless Steel thrust reversers. Four reversers are 
used, although only two are needed. The reversers 
quickly slow the forward motion of the aircraft by 
diverting thrust of the Pratt & Whitney Aircraft 
JT-4 engines in a semi-circle toward the front of the 
aircraft. The reversing action makes the DC-8 safer 
and easier to handle in the air and enables it to land 
on shorter runways. 

Why was Stainless Steel specified? Its great 
strength at high temperatures, for one reason. Stain- 
less was the ideal material to withstand the terrific 
tailpipe temperatures (up to 1110°F) and the 16,800 
lbs. dry thrust of the P&WA engines. In addition, 


Stainless Steel has excellent resistance to high- 
temperature oxidation, erosion and other types of 
corrosion. 

Stainless Steel offers the designer many other ad- 
vantages. Among them: ease of fabrication, high 
strength in a wide range of temperatures, and ease 
of cleaning. For unmatched durability, ultimate 
economy and efficiency, specify Stainless Steel. 


inspection and fabrication techniques. 

Iii fire detection and control research, 
tests have shown that small leaks in 
the heat transfer system and the fire 
which accompanies them may go un- 
detected for 5-1? min. before they 
become catastrophic. Tests have also 
shown that fires may be detected and 
stopped in less than one minute by 
properly designed fire naming and 
control systems. Fire will be controlled 
by building radiators and other units 
most likely to leak so that sections can 
be by-passed and isolated. 

Leaks Cause Power Loss 

By-passing a section or two in this 
manner probably will reduce the power 
which can be developed by an engine. 
If the leak occurs in a major unit, such 
as a main heat transfer pump, then the 
engine will have to be shut down unless 
the weight penalty of redundant units 
is accepted. These pumps and other 
large components of the system have 
shown themselves reliable in tests. 

Fire detection systems will have to 
be designed specifically for a given 
engine-airframe installation. Presum- 
ably, the sensing elements in the system 
will have to consist mainly of stra- 
tegically placed temperature gages on 
the outside of the engine systems and 
their supporting structure, and of sensi- 
tive pressure gages which will respond 
to small, unexpected pressure drops in 
the heat transfer lines. 

Centrifugal turbopumps have been 
developed to circulate the liquid metal 
through the two heat transfer loops of 
the indirect cycle engine. These pumps 
will be driven by bleed air from tne 
turbo|et compressor. A pump configur- 
ation, shown on p. 41, suitable for use 
in the Convair test aircraft has been 
tested successfully at an output of 
5.000 gal. per minute. One of the 
vital design features of this pump is a 
dynamic seal which throws any liquid 
metal leakage back into the line. This 
seal has proven very effective and it is 
one of the main reasons for the pump's 
good test record. 

Three types of valves are needed in 
the liquid metal heat transfer system. 
Control valves are needed to regulate 
the flow of metal through the reactor. 
Isolation valves must be provided to 
shut off the portions of the system 
which develop leaks, and fill and drain 
valves arc needed to service the engine. 

Common problems with all of these 
valves are the development of units 
which will not be self-welding or ac- 
cumulate any deposits on their parts 
when used in a liquid metal system. 
Leakage must not occur along any of 
valve stems, and the isolation valves 
cannot leak past their seats. 

One of the intermediate heat ex- 
changers tested for use on the Convair 
testbed engine is shown on p. 42. 


This is a typical unit of this type with 
direct transfer surfaces and no fins. 
Main development problems concern 
the reliability of the header joints at 
each end of the exchanger and thermal 

The liquid metal system also requires 
some means of allowing for the differ- 
ential expansion rates of the liquid 
metal heat transfer fluid and the tubing 
that contains it so that proper oper- 
ating pressure will be maintained. This 
is provided by a unit, similar to an 
air accumulator in a conventional 
hydraulic system, which has a flexible 
metal surface. Helium gas is used on 
one side of this surface to maintain 
pressure against the liquid metal flow- 
ing along the opposite side. 

First turbojet engine planned for use 
with the indirect cycle system was the 
Pratt &■ Whitney J91. This extremely 
large engine has a compressor inlet 
diameter of almost 6 ft. Its develop- 
ment was terminated in 1957 when the 
WS-125A attack aircraft was aban- 
doned. The complete J91 had been 
run by the time the cancellation came, 
and its components were in an ad- 
vanced state of development. 

Current indirect cycle system will 
power four modified Pratt & Whitney 
J58 turbojets if it is used in the Con- 
vair testbed. Diameter of the radiators 
for these powerplants will be abont 2 ft. 
greater than the rest of the engine. 
The J58 compressor section will have to 
be lengthened to provide a greater com- 
pression ratio, both to compensate for 
the losses in the radiator and the tur- 
bine wheel and to provide drive air for 
the heat transfer pumps. The turbine 
section will have to be modified to pro- 
vide more power for the compressor. 

The modified J58 will be tested ex- 


tensively on hydrocarbon fuel before it 
is mated to the nuclear heat source, 
which is scheduled for 1964. 

At least two reactors will be used 
with the four modified J58s in the Con- 
vair testbed. It is possible that three 
or four will be used to increase re- 
liability. Interconnected heat transfer 
system’s would be used so that all four 
turbojets could still be operated in the 
event that any of the reactors had to 
be shut down. 

Complete flight-weight direct cycle 
engine, the X-211. is scheduled to run 
for the first time on nuclear power in a 
couple of years. Development of the 
reactor for this engine has advanced 
through three major test programs, and 
its configuration for use in the Convair 
testbed is now being set. 

Direct Cycle Problems 

Rotating components for the X-211 
engine arc a more difficult design prob- 
lem than those on an indirect cycle en- 
gine because they are subjected to the 
full intensity of the reactor’s radiation, 
while the indirect cycle engine is rela- 
tively shielded. The drive shaft on the 
X-211. which connects turbine and com- 

^trengtli and durability of these parts 
is not the primary concern— it is residual 
radiation emitted by the engine parts 
after long periods of operation that 
causes trouble. Some alloying elements 
in turbojet construction materials re- 
main highly radioactive for long periods 
after the engine is stopped, making even 
minor engine servicing a major opera- 

Cobalt is one of the alloying elements 
which emits residual radiation for a 
long time. Hot parts of jet engines, 
suen as the nozzle diaphragms, normally 
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Footnotes to the Crusader's 203,512th flight 

This was a test flight for a new Crusader — the all- 
weather F8U-2N pictured here. It was a busy day for 
Crusaders all over the world. Over 700 of these carrier- 
based fighters have joined Navy and Marine squad- 
rons since the first Crusader won the Thompson and 
Collier trophies. With the more powerful engine and 
armament, the advanced autopilot and radar of the 
new -2N, this fighter series is being improved for the 
third time at minimum cost and without interrupting 
Fleet readiness. This is "design growth.” This is why, 
fighter for fighter, the Crusader has logged more 
peace-keeping flight hours than any other 1,000-plus- 
mph aircraft in U. S. service. 
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contain cobalt. Material substitution 
programs have been successful in par- 
tially reducing the residual radiation ex- 
pected from engines like the X-211. 
However, the engines still will not be 
safe enough to be handled directly by 

The remote handling and mainte- 
nance of radioactive equipment and ma- 
chinery has grown to such an extent in 
the U.'S. nuclear industry in the last 1 5 
years that it is now an everyday affair 
in most nuclear facilities. Tire back- 
ground of experience in the use of 
shielded hot rooms, remote control 
manipulators for the assembly, dis- 
assembly and inspection of irradiated 
mechanical systems and shielded vehi- 
cles to transport hot articles is almost 
limitless. 

General Electric has developed 
heavily shielded trucks equipped with 
manipulator arms especially for the re- 
mote controlled removal of direct cycle 
nuclear aircraft engines. The company 
has also demonstrated that it is possible 
to accomplish the necessary engine tear- 
down and maintenance on a large scale 
in hot cells. 

Radiation Shielding 
Shielded trucks and hot cells will 
also be used to service indirect cycle 
engines if their reactor is not surrounded 
bv a unit shield. A unit shield is very 
heavy and stops all of the radiation 
from the reactor. Nuclear-powered 
transport aircraft which carry human 
passengers will require a unit shield. 

Air flow through the X-211 is ap- 
proximately 300 lb. per sec., making it 
the largest known turbojet. High pres- 
sure drops in the reactor and in the 
ducts bending around the shields, which 
must be behind and in front of the 
engine, raise the optimum pressure rise 
for the compressor above 20 to 1 . This 
probably is about the same compres- 
sor performance required for the in- 
direct cycle engine. Although the in- 
direct cycle has lower pressure losses 
in the engine and its duct system, it 
must provide a large volume of high 
pressure air to drive the heat transfer 
pumps. 

Development progress on the indirect 
cycle turbojet engine system and on 
other systems in the nuclear ramjet, 
rocket, turbojet and turboprop fields 
has led to the belief among some en- 
gineers specializing in nuclear power 
that high power density reactors for 
flight propulsion units are easier to de- 
velop then other components of these 
systems. Longer leadtimes for pumps, 
valves and other equipment than for 
the reactors in some of these projects 
have led to this theory— but the direct 
cycle engine is a definite exception. 

' Even with the substantial growth in 
reactor technology produced by the 
ANP program over the past 10 years, 
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GE Aft-Fan Engines Installed on Caravelle 

icral Electric Co. fits Sud Aviation Caravelle testbed transport with GE CJ-805-2JC 


design of the direct cycle aircraft re- 
actor is considered a uniquely difficult 
problem. Its complexity has com- 
pletely overshadowed that of the other 
components in the direct cycle system 
and of the handling equipment needed 

The best indication that General 
Electric has solved this formidable prob- 
lem is that even the severest critics of 
the ANP program concede that todav 
it is possible to fly a nuclear aircraft 
using a direct cycle engine. 

Most of the difficulties with the di- 
rect cycle reactor have grown out of two 
major design requirements. These re- 
quirements are: 

• Operating life of 1,000 hr. at fuel 
element temperatures above 2,000E in 
a highly oxidizing atmosphere and in 
severe radiation conditions. These de- 
in the whole reaction program today. 
Other flight propulsion reactors will 
have an operating life of less than 10 
hr. except for the indirect cycle reactor 
which must meet the 1,000 hr. require- 
ment but does not have the oxidation 
problem. 

• Use of a geometry which will allow 
the core to serve as a radiator as well 
as a nuclear reactor. The large air pas- 
sages needed to satisfy the radiator func- 
tion also serve to self-shield the fuel 
elements. This means that very large 


amounts of fuel have to be put into 
the reactor to make the fuel mass criti- 
cal, These voids also allow a large 
volume of high energy neutrons to 
stream out of the reactor. 

The presence of the large voids in 
the nuclear mass increases the number 
of design variables to almost intolerable 
proportions. The nuclear engineer de- 
signing the direct cycle reactor has to 
handle 60 separate design variables, 
each of which has upper and lower re- 
straints on it. This is a considerably 
larger number of variables than are 
present in the basic calculations for 
other types of power reactors. 

Design Complications 

An industrial design task has rarely 
had this many tight constraints placed 
on it simultaneously. Usually, it is pos- 
sible to isolate major portions of any 
problem and deal with them separately 
so that less than a dozen variables of 
importance are present in any calcula- 
tion. This has not been possible with 
the direct cycle reactor. 

Basically, all of the 60 variables have 
a direct influence on three factors, the 
control of which is the objective of 
reactor design. These factors are: 

• Power and temperature distribution 
through the core. Maximum heat trans- 
fer efficiency is achieved when the tem- 
perature is constant radially across the 




The oil that's safe through 500 degrees F: 
HOW ESSO DOES IT! 


Jet age aircraft make unprecedented demands on 
lubricants. Not even the most highly refined mineral 
oils arc able to cope with the temperature extremes 
in turbine engines. Needed was a synthetic oil with 


good lubricity and stability at very high temper- 
atures— and easy-flowing properties at very low 
temperatures. Esso was the first successfully to 
develop such an oil. 
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Latest Navy Carrier Aircraft Operate From Forrestal 

Chance Vaught Crusader F8U-2N, North Ainericaii-Columbus A3J-1 Vigilante (with wingtips, top of tail and nose cone folded) and 
McDonnell F4H-1 Phantom II line up on port bow of USS Forrestal. The airenift carrier spent 10 days off the Eastern Seaboard on new 
aircraft evaluation trials. North American, Chance Vouglrt and McDonnell evaluated mobile aircraft-support vans on the Forrestal. 


reactor. Longitudinally, it is best to 
have the temperature peaked slightly 
in the forward direction. It is difficult 
to achieve this ideal distribution, and 
some parts of the reactor receive more 
nuclear energy’ and run hotter than 
other parts. Maximum temperature in 
the reactor is then limited to the tem- 
perature of the hottest section to pre- 
vent structural failure and burn-out. 

• Criticality. Putting the correct mass 
of fuel in a reactor with large voids 
has not proved easy. The correct mass 
must be put in or criticality will not 
be achieved and it is a zero-power re- 
actor. The critical mass must be ex- 
ceeded by a slight percentage to allow 
for the accumulation of poisons during 
operation which lower the effectiveness 
of the nuclear fuel and can make the 
reactor go subcritical and stop its power 
production. 

• Control. The control effect of 20-30 
boron control rods inserted into a 
highly self-shielding and non-homogc- 
ncous reactor is practically impossible 
to determine over the reactor’s lifetime 
without a lengthy experimental pro- 

Thcse three factors are completely 
interdependent, and no change can be 
made in any of them without affecting 
the other two. 

Variables Considered 

A partial list of the design variables 
which affect the temperature distribu- 
tion, the criticality and the reactor 
includes: number of control rods, fuel 
tube diameter, spacing between fuel 
tubes compared with their radii, fuel 
distribution through the tubes in both 
the radial and longitudinal directions, 
fuel loading distribution throughout a 


large number of tubes, reflector ma- 
terial and reflector thickness. 

It is possible to divide a large re- 
actor measuring about 6 ft. in diameter 
and 6 ft. long, approximately the size 
of the X-211 reactor, into about 20 
small sections for calculation purposes. 
Average values for all of the variables 
may be assigned to each section. Even 
when this is done, it is impossible to 
reduce the number of important vari- 
ables in the design problem to fewer 
than 60. 

Actually, the problem is more com- 
plicated than it might seem because 
some of the primary variables are heav- 
ily influenced by secondary effects 
which are not properly understood. A 
significant amount of power is gen- 
erated in the reactor structure which 
holds the fuel tubes, in the moderator 
and in the reflector through radiation 
from the fission process and through 
secondary radiation emitted by the 
structure. This secondary power gener- 
ation is large enough to invalidate all 
of the reactor design calculations if it 
is ignored. To date, it has not proven 
possible to predict secondary radiation 
level with a high degree of accuracy. 

As a result of the large number of 
variables which must be considered 
simultaneously and the significant sec- 
ondary effects in the reactor, two main 
tools are needed in reactor design. 
These arc large digital computers and 
critical assemblies. 

Sophistication and volume of the 
nuclear calculations now made on large 
computers probably would be impos- 
sible to duplicate with computation 
methods in use 10 years ago. The ex- 
tremely complicated nature of these 
computer programs has spawned a new 


class of specialist who is an expert 
mathematician with a good knowledge 
of reactor physics. Computer capability 
is growing so rapidly that it probably 
would be more accurate to say that sev- 
eral new classes of specialists are devel- 
oping who are concentrating on various 
phases of reactor dynamics. 

Ultimate Goal 

While modern computers are mak- 
ing it possible to go into more and 
more detail in reactor design, the ulti- 
mate goal is to reduce the problem to 
its simplest terms. As the understand- 
ing of reactors grows, it should be pos- 
sible to shorten the analysis required 
by combining the effect of several vari- 
ables into a single mathematical ex- 
pression. In this way, it is hoped that 
the general operational characteristics 
of a broad class of reactors may be 
investigated by a few simple equations. 

A hundred or more reactor configu- 
rations currently must be studied, each 
through major computer programs, just 
to define the general design region for 
a typical direct cycle aircraft reactor. 
Finding the optimum reactor configura- 
tion in this design region is vastly more 
complicated. 

Reactor technology cannot be ad- 
vanced through computer work alone. 
The avalanche of data pouring from 
these machines must be checked and 
refined constantly by experiment and 
through observation of operating reac- 
tors. The experimental work is per- 
formed on critical assemblies. These 
are zero-power mockups which dupli- 
cate the characteristics of the power 
reactor as closely as possible. 

Critical assemblies have fuel elements 
loaded with nuclear fuel with exactly 
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Pioneers in parametric amplification, Hughes offers 
“systems proven models” for frequency ranges at 
L-Band, S-Band, C-Band...and now, X-Band systems. 

■ Hughes parametric amplifiers are now in operation 
at Patrick Air Force Base; Marine Corps Station, 
San Diego, California; Naval Research Laboratory, 
Washington, D.C.; Eglin Air Force Base, Florida; 
Rome Air Development Center; North Bay, Canada; 
and elsewhere outside the Continental United States. 

■ Whatever your parametric amplifier needs, Hughes 
is most qualified to serve you. 



Hughes offers you X-Band parametric 
amplifiers with these advantages: 

• More decibels reduction in noise 
figure per dollar 

■ Light weight (less than five pounds) 

• Low pump power-50 milliwatts 

• Uses inexpensive air cooled klystron 

■ Utilizes commercially available 
varactor diodes 





HTRE-1 first ran in 1956. The reactor 
in this experiment was the same basic 
type as all of those in this GE pro- 
gram. It was classed as a high power- 
density. heterogenous. thermal. reactor, 
and its fuel was enriched U-235. Water 
was used as the moderator to slow the 
neutrons and keep their average energy 
in the thermal energy range, and to 
raise the probability that each of them 
would cause a fission reaction. Enel ele- 
ments in HTRE-1 were nickel-chrome 
clad, and the basic reactor structure 

The core consisted of 37 tubes ar- 
ranged in a hexagonal pattern, and the 
fuel elements were secured in the cen- 
ter of the tubes. Air from the engine 
compressor entered a plenum at the 
front of the reactor and passed through 
the tubes where it was heated by the 
fuel elements. The air left the reactor 
at temperatures as high as 1.4001'' while 
the water moderator circulating around 


the same dispersion patterns as the 
power reactor will have. Their moder- 
ator arrangements and general geo- 
metries are also about the same. These 
assemblies are never allowed to achieve 
a self-sustaining chain reaction so that 
thev will not produce power. 

A large number of nuclear measure- 
ments can lie made on the critical as- 
semblies which will verify or disprove 
most of the operating characteristics 
picdictcd for the power reactor. It is 
not possible to check everything with 
the critical assembly, however, and 
there is enough uncertainty in a design 
to make the first power checkout of a 
reactor a memorable occasion for its 
designers. 

During the development of a new 
type of reactor, it has also been neces- 
sary to test experimental units which 
produce power. Use of new construc- 

uew class of reactors usually makes it 
imperative to get power-on data before 
a reactor design is fixed. 

General Electric has built three ex- 
perimental power reactors as it moved 
toward the final design for a flight- 
weight, long-life direct cycle reactor. In 
all of these power experiments, two 
modified J47 turbojet engines were op- 
erated in series with the reactor. The 
reactor was heavily shielded and located 
to the side of the engines. 

High-pressure air from the J47 com- 
pressors was fed by long ducts through 
the reactor and then back to the engines 
where it drove the turbines and was ex- 
hausted. This rig allowed simultaneous 
testing of turbojet parts, an integrated 
control system for the reactor and the 
turbojet, and the necessary accessories, 
as well as the reactor itself' These tests 
were designated Heat Transfer Reactor 
Experiments (HTRE). 


the tubes kept them and the other alu- 
minum structure below 300E. The re- 
actor was operated a total of 230 hr. 
during HTRE-1, and its peak power 
was 14 megawatts— sufficient to operate 
a modified J47 turbojet on nuclear 
power alone. 

HTRE-1 demonstrated the stability 
and controllability of the complete di- 
rect cycle engine system, but its growth 
potential was limited by its water mod- 
erator. High performance systems which 
would operate at high temperatures re- 
quire a solid moderator. 

Development of the solid moderator 
and reactor construction materials which 
would be satisfactory at high tempera- 
tures was facilitated bv modifying the 
HTRE-1 core. The basic core size o! 
approximately 60 in. in diameter and 
53 in. long was retained but the center 


seven tubes were removed, leaving a 
hexagon-shaped hole 1 1 in. on a side. 
It was possible to test a wide variety of 
fuel elements, moderators, construction 
materials and instrumentation in this 
space. This new reactor assembly was 
designated HTRF.-2 and it began oper- 
ation in 1957 It is still in use and has 
operated over 1,500 test hours. 

First Solid Moderator 
The first solid moderator and first 
ceramic fuel clement reactor sections 
were tested in HTRE-1 The most 
promising solid moderator apparently 
is zirconium hydride. The first zir- 
conium hydride moderator tested bv 
General Electric contained as much 
hydrogen as water and could operate at 
a much higher temperature. More re- 
cently, forms of this basic material 


Pratt & Whitney Delivering Production JT-12s 

Pratt & Whitney is delivering production versions of the |T-12 lightweight turbojet engine, 
which weighs 436 lb. and delivers 3.000 lb. thrust. Hie JT-12 h tc lat -d 7 700 hr. 
of development time, including 98 lit. in a flying testbed. Engine also has been flown 
700 hr. bv airframe manufacturers. Hie JT-12 has been selected to power the Lockheed 
JetStar, North American T-39 and Canadair CL-41 trainer. Line cut above shows JTFD-12 
shaft version which will be installed in Sikorsky S-64 helicopters. 
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Propellant Briefs from 
Callery Chemical Company 


RESEARCH AND DEVELOPMENT CAPABILITIES— 
Callery Chemical Company has pioneered the research and de- 
velopment of high energy fuels, propellants and advanced energy 
concepts. We are continuing aggressively to research and develop 
even newer concepts of chemical energy for use in solid and 
liquid fuels, mono-propellants, solid and liquid oxidizers, and 
space exploration. 

This diversification of effort in the interests of National De- 
fense can be helpful to you. We recently opened a new labora- 
tory and office in Encino, California, to provide closer liaison 
with the heart of the missile industry, and to bring our capabili- 
ties to bear directly where they are most needed. 

We can provide Systems Management as well as subcontract 
capabilities for research and process development in a variety 
of fields, including particularly the propulsion, oxidizer, energy 
storage, explosive, and space manufacturing areas. 

Our sales and research and development personnel are avail- 
able at all times for technical service regarding the handling, 
shipping, storage, and use of any of our products. 
HYDRAZINE DIBORANE (B...N-H,,,) — Callery has experi- 
mental quantities of this unique compound available, and it is 
showing exceptional promise wherever high hydrogen content 
is needed. Hydrazine Diborane has chemical properties often 
associated with both hydrazine and diborane, as would be ex- 
pected from its structure: 


H H H H 
H-i-A-ll-B- 

1 I 1 I 


It is a white, crystalline, free-flowing powder of uniform high 
purity. 

Write for Preliminary Data Sheet — Hydrazine Diborane. 

For information or technical service: write Defense Products Dept., 
Callery Chemical Company. P.O. Box Hi 45, Pittsburgh 37, Penna. 
or Phone Evans City, Pa., 3510, Ext. 455. 
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have been developed which contain 
much more hydrogen than water and 
arc therefore better moderators for a 
given weight. 

Beryllium oxide and other ceramic 
fuel elements base been tested in 
HTRE-2. While these ceramic fuel 
elements have a high maximum operat- 
ing temperature, they also release fis- 
sion fragments and contaminate the air 
going through the reactor. Two ap- 
proaches which have been taken as 
possible cures for this problem are 
cladding of fuel elements to prevent 
the escape of fission fragments and the 
use of electrostatic filters to present 
them from leaving the engine. 

Third Test Reactor 

Third test reactor in the General 
Electric program was the first to ap- 

E roach the characteristics needed for 
ight. This reactor was designated 
HTRE-3. Its core was mounted in a 
horizontal position, and its structure 
was designed for flight loads. The core 
consisted of 1 50 hexagonally shaped 
zirconium bars approximately 60 in. 
long, nested together to form a solid 
mass. Each of these moderator rods 
had a round hole down its center. The 
nickel-chrome alloy fuel elements in 
which the nuclear fuel was distributed 
had a smaller outside diameter than 
the bore diameter on the moderator 

Fuel elements were secured in the 
center of the moderator rods, leaving 
1 50 long ducts for engine air to pass 
through the reactor and along the fuel 
elements. The reactor was completely 
air-cooled, as it would be on an air- 
craft. Cooling air which passed through 
the reactor structure was mixed with 
the air passing along the fuel elements, 
and the combined flow drove the tur- 
bine. 

A flight weight shield was placed 
around the reactor for testing purposes. 
An additional shield also was provided 
to allow certain test adjustments and 
measurements to be made near the 
HTRE-3 assembly without danger to 
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the test crew and instrumentation. 

HTRE-3 was run for the first time in 
September, 1958. An over-temperature 
accident damaged the assembly, but it 
was repaired and run again about a year 
later. All of the tests first planned with 
HTRE-3 have been completed, and the 
reactor has operated for a total of 120 
hr. Of this, 65 hr. have been continuous 
turbojet. 

Maximum power operation with 
HTRE-3 has brought impressive results. 
Air temperature out of the reactor was 
about 1.600F, and 35 mw. of power 
was developed. Two modified J47 
turbojets were operated in combination 
with the reactor in HTRE-3. Only a 
small amount of thrust was produced 
since the objective was simply to test 
the reactor at full power in combina- 
tion with a turbojet. 

Control System 

Control system for the direct cycle 
nuclear aircraft engine is considerably 
more complicated than the control sys- 
tem needed on a chemically-fueled 
turbojet. 

It is considered possible today to 
build a one-lever control for the pilot 
to operate the nuclear engine, but this 
has not yet been achieved in practice. 

Basically, the differences in control 
systems are due to different response 
times to power setting changes. The 
burner section on a chemical turbojet 
responds almost instantaneously to in- 
creased fuel flow, while the response 
of the nuclear reactor to a change in 
control rod position is not as fast in 
most cases. The nuclear engine also is 
more subject to metallurgical limits in 
its structure. These may be so high 
that the rate of change in engine power 
may be reduced to the point that com- 
pressor stall, which normally limits en- 
gine acceleration, may no ionger be a 

Control systems undoubtedly will 

quirement of the nuclear aircraft. A 
variety of systems are possible which 
will link the reactor and the rotating 
machinery of the engine and provide 
different responses. 

FAI Approves 12 
Soviet Flight Records 

Paris— An unlimited world record and 
12 international class records estab- 
lished last May, June and July by 
Soviet pilots and a parachutist are 
among those approved recently by the 
Federation Aeronautique Internatio- 
nale. 

Officially recognized Russian marks 

• Delta-Wing F-405 turbojet aircraft, 
flown bv B. Adrianov at a speed of 
2,092 kph. (1,299 mph.) over a 100 km. 


dosed course May 28, 1960. This was 
the only unlimited class record set. 

• Mi-1 single rotor helicopter, flown by 
F. Belushkin at average speed of 
141.392 kph. (87.8 mph.) over a 1,000 
km. closed course June 24, 1960. Rec- 
ord set in Class EID, for reciprocating- 
engine-powered rotary wing aircraft in 
the weight range 1,750 kg. to 3.000 kg. 
3,855 lb. to 6,613 lb.) class. 

• Mi-1 flown bv T. Russivan at an av- 
erage speed of 142.642 kph. (88.58 
mph.) over a 500 km. closed course 
June IS, 1960-a women's record. 

• A-10 two-placc sailplane flown by V. 
Ilchenko a distance of 607.942 km. 
(355.5 mi.) to a predetermined destina- 
tion June 18, 1960. 

• A-10 sailplane flown by V. Ilchenko 
at a speed of 96.12 kph.' (59.69 mph.) 
over a 100 km. triangular course. 

• A-15 single place sailplane flown by 
M. Veretennikov at an average speed 
of 111.388 kph. (69.17 mph.) over a 
100 km. Iriangular course June 6, 1960. 

• A-15 sailplane flown by M. Veretenni- 
kov a distance of 714.023 km. (443.4 


mi.) to a predetermined destination 
June 18. 1960. 

• Nighttime parachute jump (undc- 
laved opening) by P. Dolgov from an 
altitude of 12,974 meters (42,567 ft.) 
on June 3, 1960. 

• Daytime parachute jump (undelayed 
opening) bv P. Dolgov from an altitude 
of 14,835 meters (58,673 ft.) on June 
7, 1960. 

• M-l helicopter flown by Anna Guep- 
pennere a distance in a straight line of 
547.671 km. (340.322 mi.) June 25, 
1960— a women’s record. 

• M-l helicopter flown by T. Russivan 
a distance in a closed circuit of 503.29S 
km. (312.749 mi.) June 18, 1960-a 

• Diamond sailplane flown by A. Sam- 
osadova at an average speed over a 
closed 100 km. triangular course of 
93.103 kph. (54.854 mph.) June 27, 
1960-a women’s record. 

• A-15 sailplane flown by A. Samosa- 
dova at an average speed over a closed 
200 km. triangular course of 73.404 
kph. (45.613 mph.) July 15, 196(1. 
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Japan’s YS-11 to Roll Out By End of 1961 

Tokyo— First prototype of the Nihon 
YS-11 twin turboprop transport is ex- 
pected to be completed by the end of 
next year under a $12 million develop- 
ment program calling for production 
of four aircraft for flight, static load 
and fatigue testing. 

Design and manufacture of the YS- 
11 (AW Dec. 22, 1958, p. 27) is being 
carried out by Nihon Aeroplane Manu- 
facturing Co., Ltd, established in June. 
1959, as a joint venture of the Japanese 
government and private corporations 
to succeed the Transport Aircraft 
Development Assn, which initiated the 
YS-11 project in 1957. 

Since its establishment in 1959. 
Nihon has received government sub- 
sidies of $10.7 million, and is request- 
ing an additional $5.5 million for the 
YS-11 program for 1961. 

Designed for short-range operations 
over stage lengths of 500-600 naut. mi, 
the YS-11 will accommodate 52-60 
passengers— approximately twice the 
capacity of a Douglas DC-5-and will 
incorporate a short takeoff and landing 
performance that will make possible a 
takeoff run of less than 5,000 ft, or 
only 70% that of the DC-5 while carry- 
ing twice as much payload. 

Dart Powerplants 
The YS-11 will be powered bv two 
Rolls-Royce Dart R.Da.10/1 turbo- 
prop engines, developed by Rolls-Royce 
especially for the YS-11 by increasing 
the power of the Dart R.Da.7 engine. 
Each engine develops a takeoff horse- 
power of 2,660 ehp.; with water in- 
jection added, power is increased to 
5,060 ehp. Powerplants will be fitted 
with Dowty Rotol reversible-pitch 
propellers measuring 14.5 ft. in diam- 
eter to provide high thrust at takeoff. 

In standard configuration, passengers 
will be seated four abreast in 15 rows, 
giv ing a maximum payload of 10,518 lb. 
over a stage length of 580 naut. mi. at 
a cruising speed of 250 kt. Seats, which 
are mounted on rails, can be rearranged 
to accommodate 60 passengers seated 
four abreast, giving a payload of 1 1 .906 
lb. for a stage length of 550 naut. mi. 
YS-1 1 has a maximum still-air range of 
1,290 naut. mi. with a payload of 
5,400 lb. representing 27 passengers. 
All operations include fuel reserves for 
45 min. in a holding pattern at 5,000 ft. 

Fuselage of the YS-11 is pressurized 
to maintain a cabin altitude of 8,000 ft. 
at a flight altitude of 20,000 ft. Cabin 
has no partitions, thereby providing 
the operator with flexibility in making 
interior arrangements. Air condition- 
ing will maintain a cabin temperature 
of 65-80F. 

The first production YS-11 is cx- 
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46,000 rpm turbine starter 
"winds up” on ... 


FAFNIR BALL BEARINGS 


On the turbine end of Hamilton-Standard’s 
PS400-14 jet engine starter, Fafnir Super-Preci- 
sion Ball Bearings hold the turbine steady at 
46,000 rpm. The bearings themselves are engi- 
neered to meet testing speeds of up to 84,000 rpm ! 

From the moment the starter is energized, these 
extra-high-speed ball bearings are subjected to 
punishing service. Designed with “counterbored” 
inner rings for efficient high-speed performance, 
they must operate dependably and precisely under 
thrust loads of up to 350 pounds per bearing. 


Engineering and production capabilities of the 
first order turn out bearings for service like this. 


$ FAFNIR 

BALL BEARINGS 




designs for jet age with 


...concrete meets runway needs of nation's first airport built for jets 


The tremendous weight and speed of modern airliners 
call for a runway pavement that meets every strength 
and safety requirement. 

Built from the ground up for jets! Dulles International Air- 
port near Washington, D. C. will handle peak traffic day after 
day. Runways stretch more than two miles long. High-speed 
turnoffs sweep planes clear of the runway within 30 seconds 
of touchdown. All runways and taxiways are designed to 
handle aircraft weighing up to 500,000 pounds'. 

Only concrete could do the job. It’s the one pavement that 
enables engineers to accurately design runways to match any 
traffic load. Pilots prefer concrete, too. Safety is built in. 
There is dependable skid resistance, wet or dry. Light color 
for highest visibility. A surface that stays forever flat. 

And not the least advantage is long-time economy. Con- 
crete’s moderate initial cost isn't just a down payment. Up- 
keep costs will remain low. For airport paving, for important 
highways like the new Interstate System, concrete is the 
preferred pavement on every count. 


PORTLAND CEMENT ASSOCIATION 

national organisation to improve and extend the uses of concrete 


Why concrete was specified at Dulles! 
Concrete and asphalt were compared 
excelled on every count: 

imum acceptable life of 25 years 


■ention of "shoving” as a result 
high-speed turns 

ly high tire pressures 

:t-reflecting quality of the paveme 
lination of rutling of the paveme 
to channelized traffic 
resistance 


FOR RUNWAYS W.TH 
A SOLID FUTURE... 





YS-11 CAPACITY of 52-60 passengers is about twice that of Douglas DC-3. The YS-11 
of less than 3.000 ft., or only 70% tlra^of the DC-3 while carrying* twice the payload. 


pectcd to be operating on domestic 
services in Japan in the summer of 
1963. 

Designs for a military version, 
the YS-11M, have been submitted to 
the Japanese Self Defense Agency. A 
survey made by the Ministry of Inter- 
national Trade and Industry estimated 
that 150 YS-lls would be produced 
between 1963-1970 to meet domestic 
needs, an anticipated export demand 
and national defense requirements. 
Government Sponsorship 

Although no Japanese carriers pres' 
entlv are planning to purchase the YS- 
1 1 for domestic or international service 
there is a possibility that companies 
such as Japan Air Lines and All Nippon 
Airlines may buy the YS-1 1 if the 
project proves successful, since Nihon 
Aeroplane— the manufacturer— is spon- 
sored largely by the Japanese govern- 

According to a spokesman for 
JAL, "there is a possibility of purchas- 
ing them if the YS-1 Is nicet all flight 
requirements for the domestic lines.” 

Liberal Indian Terms 
Sell Soviet Aircraft 

New Delhi— Liberal Soviet financing 
is cited by the Indian government as the 
primary reason the Indian air force is 
concentrating on Russian-built trans- 
ports and helicopters to strengthen 
northern frontier areas against Commu- 
nist Chinese threats. 

Tire Indian government has bought 
an Mi-4 helicopter and an An-12 turbo- 
prop transport. The purchase is ex- 
pected eventually to total 10 Mi-4s and 
a dozen An-12 transports. They will be 
operated by the air force, but they are 
being purchased by the Border Roads 
Development Board, which is responsi- 
ble for building roads and improving 


communications in the troubled north- 

Terms of the Mi-4 purchase call for 
a price of about $200,000, with pay- 
ment accepted in Indian rupees. India 
doesn’t feel this price was a special con- 
cession to make the sale, but officials 
praised the Soviet willingness to accept 
rupees as a "most practical” approach. 
Tire rupees paid for the Mi-4 arc ex- 
pected to be spent eventually for Indian 
export products. The An-12 was bought 

Border Roads Development Board is 
buying the Russian aircraft with funds 
from the Indian air force budget, but 
board officials deny that the Soviet pur- 
chase was made purely for military pur- 
poses. They say it is part of an effort 
to improve general communications in 
"one of the few areas not improved by 
the British." 

Indian Prime Minister Jawaliarlal 
Nehru emphasizes the gravity of Indian- 
Communist Chinese disputes, espe- 
cially in the inaccessible Pakistan, Nepal 
and Kashmir border areas, in explain- 
ing the need for aircraft capable of op- 
erating at high altitude. He said that 
"we are quite worried since this area is 
extremely difficult to reach and is situ- 
ated in .in undeveloped area 19,000 to 
20,000 ft. up in the mountains.” 

Nehru said concern over this situation 
has spurred the government to improve 
all means of communications in these 

India also has bought two turbine- 
powered Sikorsky S-62 helicopters to 
operate at high altitudes. These ma- 
chines cost $308,000 each, not includ- 
ing spares. The Indians are continuing 
evaluation of other helicopters, includ- 
ing the Sud Alouettc II and III which 
recently completed six weeks of evalua- 
tion flights. Bell Helicopter has been 
discussing demonstrations with its 
47G-3 machine. 

All orders for foreign helicopters 


signed so far carry a clause giving the 
Indian government the right to manu- 
facture the aircraft in India if it should 
decide to establish production facilities 
in the future. 

Singapore Airport Plans 
Aviation Trade Show 

Singapore— Ninc-dav international air 
show, the first of its kind here, will be 
held at the Singapore Airport begin- 
ning Apr. 8, 1961. Hie show will be 
sponsored by the Singapore government 
and will feature static and flying dis- 
plays of civil and military aircraft. On 
the first day, Singapore Airport's new 
operations building will be officially 
opened. 

The show's static displays will cover 
seven acres of the airport and will in- 
clude aircraft accessories, and avionic 
and airfield equipment shown by more 
than 200 exhibitors including manu- 
facturers from Germany and Japan. 

Three days of the show will be de- 
voted to aerial displays of military fight- 
ers and bombers and military and civil 
helicopters and lightplanes. 


PRODUCTION BRIEFING 


Vitro Electronics, a division of Vitro 
Corp. of America, has been awarded an 
$8S5,000 contract bv the Navv to install 
its Nems-Clarke 1400-1 FM/FM mis- 
sile-satellite monitoring svstem and its 
Nems-Clarke AMR-100 intra-ship com- 
munication system on the Niantic 
Victory and the Knox Victory, two 
ships of the Pacific Missile Range Fleet. 

Republic Aviation Corp., Farming- 
dale, N. Y., will expand its tape-con- 
trolled machine tool operations with the 
addition of 10 automatic machines 
worth $10 million. The tape-controlled 
milling machines, part of the tooling for 
F-105D production, arc said to play a 
part in the continuing cost-reduction 
program on the aircraft, 

Lamtcx Industries, Farmingdalc, 
N. Y.. will develop rocket motor cases 
for the second stage of the Lockheed 
Polaris fleet ballistic missile. The rocket 
cases utilize the company’s Hystran, 
filament-wound, fiber glass reinforced 
material, which is said to afford a 50% 
weight saving over steel cases. 

Doman Helicopters, Inc., Danbury, 
Conn., is producing structural compo- 
nents for the re-entry vehicle of the 
Minutcman 1CBM under subcontract 
from the Lycoming Division of Avco 
Corp. The contract is one of several 
new projects acquired by Doman. 
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AMP 

taper technique 
points the way 
to greater 
reliability 


Ma g netic Amplifiers . Inc, of New York carefully manu- 
factures its Static Inverters with a step-by-step quality 
control and testing program to build in the reliability 
required for aircraft and missile applications. 

It found that AMP Taper Technique simplified this 
procedure. A high speed AMP Automachine pre-ter- 
minates circuit leads with crimp-type, pre-insulated solid 
Taper Pins. Components are then easily tested in the 
modular stage before final assembly. Crimping eliminates 
difficult soldering operations and the danger of burning 
wound components while Taper Technique permits 
checking and trouble shooting without destroying the 
main cable. After final assembly, when the Pins are in- 
serted into the Blocks, this Technique provides nigged 
vibration resistance and operational reliability. 

AMP solderless Taper Pins are made in formed and 
solid types, with or without pre-insulation and mate with 
a wide range of one or two piece stackable Taper Blocks. 
You’ll find that AMP Taper Technique is ideal for your 
quality control or circuit density problems too. 




Write for our new Taper Technique brochure. 


AMP Incorporated 


GENERAL. OFFICES: HARRISBURG. PENNSY LVA N I A 


AVIONICS 



First Details of Centaur Inertial Guidance 


Washington— First details of the 
inertial guidance system to be used on 
the Atlas-Centaur for lunar and inter- 
planetary missions were reported here 
recently by Dr. Donald L. Farr of Con- 
vair-Astronautics. System also can be 
used with Centaur to place a communi- 
cations satellite in a synchronous 
(22,300 mi.) equatorial orbit. 

The Centaur inertial system in- 
cludes a four-gimbal gyro-stabilized 
platform built by Minncapolis-Honcy- 
wcll and a digital computer provided 
by I.ibrascopc, a division of General 

Factors in Choice 

The relatively short time available to 
Convair to produce the Centaur, 
coupled with budgetary considerations, 
were primary factors in the choice of 
the Honeywell platform and the Libra- 
scope computer, Farr told the American 
Rocket Society annual meeting. 

This meant using essentially existing 
hardware, which is expected to have an 
important byproduct advantage of pro- 
viding a system with high reliability. 
The basic design of the Honeywell 
platform originally was developed sev- 
eral years ago for high-performance air- 
craft /missile applications, while the 
Librascopc computer is an adaption of 
the AX/ASN-24 developed two years 
ago under Wright Air Development 


Division sponsorship (AW Mav 25, 
1959. p. 124). 

The function of the Atlas-Centaur 
guidance system for an interplanetary 
mission is to provide vehicle attitude 
information to the autopilot during 
launch and subsequent powered phases 
of flight, initiate engine cutoff com- 
mands and develop steering signals for 
injecting the Centaur into the required 
hyperbolic escape orbit. 

The system must possess high reli- 
ability for moderately long periods of 
time, particularly when used to place 
a satellite in a synchronous orbit where 
prolonged coasting periods are required 
to obtain orbital altitude and desired 
longitude over the equator. To accom- 
modate the wide variety of missions 
which are presently planned, the sys- 
tem also has to have considerable flexi- 
bility. 

Attitude Freedom 

The choice of the four-gimbal stabi- 
lized platform allows complete vehicle 
attitude freedom during its various 
thrust periods and during coasting 
periods so the vehicle can be oriented 
with respect to the sun. if desired. 

The Honeywell platform with its 
four-gimbal construction weighs 32 lb. 
and uses three Type GG-49-D6 minia- 
ture single-axis floated integrating gyros. 
This gyro has been manufactured in 


moderately large quantities and used 
on other programs, assuring high reli- 
ability, Farr said. 

Prior to launch, the platform is 
aligned and maintained to an earth- 
fixed reference, but during actual flight 
the platform is stabilized to inertial 

Vehicle acceleration along its three 
axes is measured by three miniature 
floated intergrating accelerometers. 
Type GG-116A-2. 

This is a modified version of the 
Honeywell GG-56 adapted to operate 
in a pjlse-rebalancc mode for use with 
a digital computer. Accelerometer out- 
put is in the form of a scries of pulses 
in which each pulse is equivalent to a 
velocity of 0.1 fps. 

Control Circuits 

Control circuits for the stabilized 
platform, completely transistorized, are 
contained in three associated packages. 
One, weighing 18 lb., includes stabili- 
zation amplifiers and isolation ampli- 
fiers for the platform pick-off resolvers, 
as well as switching functions required 
during pre-launch alignment. The sec- 
ond, weighing 50 lb., contains pulse 
rebalance circuitry for the three accel- 
erometers and various power supplies. 
Farr said the weight of this unit could 
be reduced for future applications. 
There also is a 10 lb. "signal condi- 
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THE RAW MATERIALS OF PROGRESS 


FLUOROCHEMICALS 

FAMILY^ performance 
barriers in many ”, special” space jobs! 



3M specialty chemicals set new limits 
for dielectric coolants, damping fluids, 
all-environment sealants, corrosion- 
fighting plastics and elastomers 

The race into space requires a whole 
world of special materials — with new 
strength, longer life, new immunity to 
attacks from extreme high and low tem- 
peratures, corrosive fuels, and new en- 
vironments. 3M Fluorocheihicals answer 
many of these new demands oft materials. 
They are an entirely new class of chemi- 
cals that offer unique space-oriented prop- 
erties allowing missile and aviation men 
to surpass limits of yesterday’s materials. 

For creating today’s space craft, for 
designing tomorrow’s . . . 3M Fluoro- 
chemicals offer new chemical, thermal and 
dimensional stability . . . while adding 
flexibility, long life and new strength to 
many parts, assemblies and systems. And 
3M research is still expanding this excit- 
ing chemical frontier. Here at work are 
some outstanding 3M Fluorochemicals. 



3M BRAND INERT FLUID FC-75 cools electronic countermeasure system. For 
critical heat transfer where extreme temperatures, corrosion resistance and high 
dielectric strength are required . . . FC-75 and FC-43 fluids are completely inert, 
i mmiscible, with extremely low solubility. They have great thermal stability, extremely 
low pour points. What hot design problem can FC-75 and FC-43 cool off lor you? 








WATTS 


providing Watts. Babcock has kept up with 
increasing its capability to supply 
The 30 watt ARW-66, 100 watt 
watt UR.W-15 and development of 10,000 watt 
iquipnyeht vindicates the trend. With such instrumentation, 
audio-lrequency coded, frequency-modulated r-f signals are provided 
to forward flight control information to unmanned airborne vehicles. 
Babcock is the world’s foremost designer and manufacturer of remote 
control and guidance systems. 

BABCOCK-a challenging environment for interesting Electronics Engineers 



tioncr” which is used to modify critical 
inertial system output signals to make 
them suitable for telemetering back to 

The Librascope computer is a serial 
binary' general-purpose machine that 
uses a magnetic drum for storage. Tire 
computer can perform the familiar 
arithmetic functions as well as logical 
commands, information pick-up and 
storage and input-output. 

In addition to the main computer, 
the system includes input-output equip- 
ment for analog-digital conversion and 
a control unit which keeps track of 
time during prolonged coasting periods 
to permit the computer to be turned 
off to consent' vehicle electric power. 
The computer, control unit and input- 
output unit weigh 57 lb. 

The guidance program is entered 
into the magnetic drum from punched 
paper tapes prior to the mission. The 
magnetic drum provides for total stor- 
age of 2.560 words, each 25 bits long, 
in -40 tracks of 64 words each. Of this 
total. 2.368 words arc permanent stor- 
age and 192 words arc temporary 
(working) storage. For the Centaur 
application, one of the 64-word tem- 
porary storage tracks is used as an 
eight-word recirculation line to speed 
computation of guidance signals. This 
reduces total temporary storage to 136 

Information Capability 

Information can be read into or out 
of the temporary storage during pow- 
ered flight and can be read out of 
permanent storage during such periods, 
but cannot be entered into the per- 
manent storage during flight. 

The computer receives signals from 
the three platform accelerometers in 
the form of pulses, together with time 
pulses from an accurate crystal oscil- 
lator. 

To obtain vehicle velocity, the com- 
puter need only count the incoming 
pulses. To compute vehicle displace- 
ment. the accelerometer pulse count is 
integrated as a function of time using 
the oscillator pulses. 

Computer outputs include three sig- 
nals for steering commands to the 
autopilot, one for each axis, and three 
signals used for torquing the three gyro- 
scopes during initial platform align- 
ment on the ground and to compensate 
for gyro drift during flight. The six 
output signals arc in analog form after 
analog-to-digital conversion. 

In addition, the computer also has 
discrete output signals for staging and 
initiation of ignition and thrust cutoff 
sequences. 

To use essentially existing hardware 
for the Atlas-Centaur, Convair settled 
for something less than an ideal system 
but has devised plans for getting around 
some of these limitations, Farr said. 


For example, to obtain maximum 
possible accuracy from proven gyros 
instead of trying to use new unproven 
gvros with higher inherent accuracy, 
the Atlas-Centaur svstem will be cali- 
brated immediately prior to launch. 
After the system has been initially- 
aligned. Convair plans to measure the 
gyro fixed restraint drift and the mass 
unbalance drift coefficients for mass 
shifts along the input axes, Farr main- 

These measurements will then be 
used to program the computer to supply 
gyro torque currents during flight 
which are automatically varied as a 
function of measured acceleration to 
compensate for this drift. Also prior 
to launch, the accelerometer bias and 
scale factors will be determined to per- 
mit the computer to correct its in-flight 
velocity and position computations. 

Because of the Librascope computer 


design, which incorporates only one 
accumulator in the arithmetic unit, and 
the procedure used for multiplication, 
the computer's maximum computation 
rate is only 237 multiplications per sec- 

Speed-up Techniques 

To get around this relatively slow 
computation speed, special techniques 
have been developed for the Atlas- 
Centaur application. 

All computations that require fast 
iteration (adding) rates arc performed 
outside the computer's arithmetic unit. 
These include the integration of vehicle 
acceleration, the double integration, 
the precise determination of engine 
cutoff commands and the generation of 
attitude steering signals. High iteration 
rates are required for the steering loop 
because the guidance system provides 
basic vehicle attitude signals to the 
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TASKLINE 

1 % TON 

AIR CONDITIONER 

Designed for 
Weapon Support 
Equipment 



Cost J 

ft Weight and Sii 
II, lighlweight air conditioning u 
Is. Rotating elements i 
ot 3,400 • 3,700 RPM for both compressor 

benefits of low audible noise level, simple maintenance and outstanding reliability, 
ire obtained at costs substantially less than contemporary lightweight systems. 
SPECIFICATIONS: Meets applicable ground support MIL specs; capacity 


Task offers a small, lighlweig 
ties of high speed components. 
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It 125°F 
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and 60 cycle versions. 

TASK CORPORATION 


autopilot during Atlas sostaincr and 
Centaur phases of powered flight to 
eliminate the weight of carrying sepa- 
rate gyros for the autopilot. 

Because the platform uses integrating 
accelerometers whose output is in 
digital (pulse) form, it is only neces- 
sary for the computer to count these 
pulses to obtain vehicle velocity. Tire 
second integration to obtain vehicle 
displacement is performed in a track 
of the magnetic drum which serves as 
a recirculation line. Called the “sigma- 

To achieve the precision required 
for engine cutoff, a high-speed count- 
down also is performed in the sigmator 
recirculation line. The cutoff parameter 
is calculated once every computation 
cycle, at approximately 0.65-sec. inter- 

When this parameter has fallen 
below a specified value, the last three 
computed values are used to calculate 
the estimated future time when its 
v alue will reach zero, and this predicted 
time-to-go is then stored in the sigmator 
line at a specified location. 

At this location, the parameter value 
is then counted down in increments of 
1.2b milliseconds until it reaches zero, 
at which time engine cutoff is com- 
manded. Farr said. This same sigmator 
track on the magnetic drum also 
handles steering and gyro torquing 
outputs as well as the computer tele- 
metry outputs. 

Attitude Control 

The high-speed vehicle attitude error 
loop is performed outside the computer 
itself. 

The computer-generated "desired at- 
titude" for guidance steering purposes 
is converted to analog form and trans- 
mitted to the stabilized platform re- 
solver chain whose outputs represent 
the projections of these vectors on the 
roll, pitch and yaw axes of the vehicle. 
'Hie difference between computed and 
actual attitude is transmitted to the 
autopilot as a steering command. The 
desired attitude for guidance purposes 
is computed at a rate of less than one 
iteration per second. 

Because the present computer de- 
sign docs not permit continuous 
updating of stored guidance parameters 
to compensate for delays in scheduled 
launching time, it would be desirable 
to employ guidance equations whose 
parameters and form were completely 
independent of time. This is not 
completely possible, Farr said. How- 
ever, it is possible to express only a 
small number of quantities in terms of 
launch time and then have the vehicle 
computer calculate the other guidance 
parameters from the launch-time de- 
pendent parameters. This is the 
procedure employed. 44 
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USAF Orders Pilot Bio-Instrumentation 


Bv Barry Miller 

Los Angeles— An unusually short- 
duration studv-to-hardware program in 
biological instrumentation was launched 
recently by the Air Force Flight Test 
Center at Edwards AFB. The bio- 
instrumentation program is expected to 
provide microminiature biological in- 
struments during the next year for 
monitoring physiological responses of 
pilots during flights of forthcoming air- 
borne and space vehicles. 

While a spokesman for the center 
declined to name the vehicles for which 
the instruments arc intended, the 
North American X-15 and then the 
Dvna-Soar boost glider are likely 
choices. 

Four contracts now being awarded 
under the bio-instrumentation program 
call for delivery during 1961 of new 
sensors, microminiature signal condi- 
tioning packages and possibly tiny 
human-body-mounted telemetry trans- 
mitters as part of the signal condition- 
ing units. When integrated with 
available sensors and government-fur- 
nished telemetry or airborne recording 
equipment, Air Force physicians will 
be able to keep vigil over pilots' re- 
actions and life support factors under 
extreme environments of out-of-atmos- 
phere and space flights. 

The four contracts cover these in- 
struments: 

« Linear pneumotachometers — One 

prototype and six operational pnue- 
inotachomcters arc to be delivered by 
late April to the test center by Space- 
labs, Inc.. Van Nuys, Calif., under a 
26-vvcck. 523,579 contract awarded 
Oct. 31. This device measures the rate 
and depth, or volume, of human res- 
piration. 

• Universal signal conditioning pack- 



LINEAR pncumobichonictcr being developcc 
Test Center will measure the rate and dept 
borne and space vehicles. 

ages— One prototype and three opera- 
tional devices capable of receiving a 
minimum of 12 transducer inputs and 
processing these low level signals into 
forms suitable for delivery to airborne 
magnetic tape recorders or tele 
gear for RF transmission to ground 
stations arc to be designed and devel- 
oped within the flight test division of 
Hughes Aircraft Co. Hie company 
received a $78,698 10-month contract 
for this equipment a few weeks ago 

• Pressure gas sensors— Awarded of 
547,100 contract for these sensors 
which measure oxygen and carbon 
dioxide in a vehicle’s cabin or in 
pilot’s helmet, is expected momentai 

• Blood Pressure Measuring Device- 
Proposals for this item which will pro- 
vide a measure of the pilot’s blood 
pressure are deadlincd for receipt at 
the flight test center no later than 
Jan. 3, 1961. 

In-House Work 

Award of these contracts follows an 
in-house effort in bio-instrumentation 
at the test center. 

In addition to the equipment to be 
procured as part of the bio-instrumenta- 
tion program, a data display console 
separately obtained by the center for 
other purposes, may be employed for 
real time readout of physiological and 
life support data at a ground station. 



BIO-INSTRUMENTATION signal conditioning packages to be developed by Hughes 
craft Co. are required to accept a minimum of 12 physiological and life science data in 
of type indicated in this chart. Manufacturers of typical possible sensors and their i 
actcristics arc shown. 


Hence, physicians would be able to 
monitor vital human parameters and 
their intcr-rclationsliips from a ground 
command post during the vehicle’s 
flight. 

Delivered equipment is scheduled to 
be evaluated in a Convair TF-102 at 
Edwards. 

Typical parameters to be monitored 
and characteristics of transducers avail- 
able for these functions are indicated 
in an accompanying chart. These in- 

• Electrocardiogram (EKG)-A meas- 
ure of the electrical waveforms which 
reflect the heart’s activity. Four inputs 
to the signal conditioning package 
probably will be reserved for EKG. 

• Galvanic skin response— A measure 
of the change of skin resistance under 
mental stress. One input is set aside 

• Skin temperature— Skin temperature 

is to be measured by high-sensitivitv 
thermistors probably located at four 
different points on the pilot’s body, 
o Respiration— Respiration readings 

may be supplied by an available pneu- 
motachometer manufactured bv s'eco 
Mfg. Co. or, more likely, by the new 
devices being developed expressly for 
this project by Spaeelabs. 

• Cockpit-to-siiit pressure and helmet- 
to-suit differential pressures. Unbonded 
strain gage transducers which weigh 8 
grams and measure less than an inch 
in diameter, manufactured by Consoli- 
dated Electro-Dynamics Corp., Pasa- 
dena, Calif., may be used for these 
measurements. Different series of this 
line can measure ±5 psi. differential or 

psi. differential. 

Final equipment is to be so designed 
that the pilot cannot suffer electrical 
shock and is not to degrade sensor 
input data by more than 1%. The 
design is to emphasize the following 
criteria in descending order of impor- 
tance: reliability, diminutive size, long 
life and accuracy. 

Study and development of the linear 
pneumotachometers is progressing in a 
similar manner at Spaeelabs, according 
to Dr. George Sullivan, the company’s 
medical director, who is a physician and 
an electrical engineer. Spaeelabs is a 
young firm, slightly over a year in age, 
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General Electric can build reliable 
specialty heating devices in 
any shape, for any application 


Tfogress Is Our Most Important Product 

GENERAL® ELECTRIC 


whose prime purpose is to design and 
develop bio-medical instrumentation. 

The linear pncumotachometcr will 

flow and provide a means of measuring 
the volume of oxygen a pilot in a space 
suit is receiving. Spacelabs’ approach 
is to measure oxygen piped into the 
pilot’s helmet, integrating this with re- 
spect to time, counting the inhalations, 
and feeding this data to a telemetry 
system. The device will consist, essen- 
tially, of a suitable sensor, and inte- 
grator and amplifying and impedance 
matching devices. Volume and rate 
expressed as height and width of a pulse 
would be transmitted every 5 sec. (1 i 
respirations) by a nominally 250 milli- 

Respiration Measurement 

Normally, Dr. Sullivan explains, 
there are three techniques for measur- 
ing respiration. These are: 

• Flow measurement. Placing a tube 
directly into the subject’s mouth. 

• Body expansion method. Covering 
subject’s chest and measuring the 
amount of chest expansion which is a 
function of desired parameters. 

• Direct volume. Measuring inhalation 
and exhalation from bags. 

Spacelabs effort also divides into 
three phases. These are: 

• Phase I. Aerodynamic study of flow 
and selection of a suitable sensor. This 
portion of the company’s work is near 
completion. Three sensors are being 
considered. One is a form of anemome- 
ter in which oxygen flow varies resist- 
ance in one arm of a bridge circuit, 
thereby providing a functional indica- 
tion of flow rate. A second is a Thomas 
meter in which a heating element sand- 
wiched between two sensing elements 
is placed within and normal to the gas 
flow. Resulting elevated temperature 
of one sensing element is proportional 
to flow. The third is a porous plug type 
in which pressure drop across a filter 
inserted into the flow is proportional to 
the flow. 

• Phase II. Spacelabs will build a pro- 
totype consisting of the sensing device 
selected at the end of Phase I and sig- 
nal conditioning equipment which inte- 
grates the signal from the sensor, then 
amplifies it and delivers a zero to 5 v. 
output suitable for telemetry. Output 
is in ventilation rate, defined as the 
product of the rate of respiration and 

• Phase III. Six operating devices will 
be manufactured and delivered. 

Dr. Sullivan says the probable size 
of the complete device will not exceed 
li cu. in., or weigh more than li oz. 
It is not expected to require more than 
50 milliwatts of power. 

Besides the Edwards program, Space- 
labs is developing a number of bio- 
medical instruments. Early last sum- 
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met. Dr. Sullivan surgicallv inserted 
biologically implanted telemetry sys- 
tems, developed under a North Ameri- 
can Aviation subcontract (AW Oct. 3, 
p. 23) into the chests of two rhesus 
monkeys. He and his colleagues now 
are able to obtain respiration data, 
phonocardiograni5 and electrocardio- 
grams by transmission from the trans- 
mitters inside the monkeys who ap- 
parently have not suffered any ill effects. 

Such a device, he points out, offers 
the possibility' of a constant self-moni- 
toring of patients with coronary dis- 
orders. It could help pinpoint exact 
stimuli which cause heart trouble. 
Input Package 

Hughes reportedly was selected from 
among nine bidders for the signal con- 
ditioning hardware. It hopes to develop 
in the next 10 months a universal type 
of package capable of processing anv 
transducer inputs, according to Llovd 
McClellan, manager of the Flight Test 
Engineering Department of the Flight 
Test Division at Hughes. Exact nature 
of the devices is not yet determined, 
but the test center requires that Hughes 
determine the feasibility’ and seek 
means of: 

• Eliminating the need for wiring trans- 
ducer or conditioning equipment out- 
puts through the umbilical cord of a full 
pressure suit. This is desired to ease 
restrictions on the pilot’s movement 
imposed by a nest of wires and also to 
reduce risk of leaks in the suit’s pres- 
sure seals. Such an approach would 
impose a knotty requirement of trans- 
mitting through the shielded suit. 

• Using the latest molecular electronic 
or microminiaturization techniques in 
optimizing the final package design and 
configuration. The package is not to 
exceed 5 cu. in,, including power sup- 
plies. 

The equipment will be required to 
operate tinder the following working 

• Pressure— One to I atmosphere (ap- 
proximately). 

• Temperature— From 10F to HOF. 

• Humidity, impact accelerations, linear 
accelerations— within the limits of hu- 
man tolerance. 

• Full pressure suit— David Clark, Inc., 
MC-2 or AP-22S. 

Program Steps 

Hughes’ 10-month leg of the pro- 
gram will proceed in three steps: 

• Phase I— For approximately 3i 

months. Hughes engineers will conduct 
a design study to investigate all possible 
ways of handling the task. They will 
explore various techniques for making 
packages as well as various package 
shapes. They will seek means for at- 
taching the package and possibly trans- 
ducers to the pilot’s body. These might 
range from a kind of mustard plaster at- 


tachment, or gluing to the body, to vest 
mounting. Shapes of package may be 
determined by the microminiaturization 
technique selected. If the umbilical 
cord is bypassed, the processing equip- 
ment will probably include tiny trans- 
mitters for relaying signals to a remote 
receiver in the vehicle’s cabin from 
which they are re-transmitted to earth 
or recorded. Otherwise, 0 to 5 v. out- 
put signals processed for conventional 
data modulation techniques would be 
made available. 

• Phase II— The company will build a 
prototype incorporating the concepts 
selected by the test center from the re- 
port at the conclusion of Phase I. 
•Phase III— Three separate multi- 
channel (minimum of 12 data inputs) 
signal conditioning systems, incorporat- 
ing approved changes resulting from 
Phase 11 testing, will be delivered to 
the flight test center. 

Optical Masers Made 
With Calcium Fluoride 

New York— Optical masers, using cal- 
cium fluoride crystals which emit light 
in the infrared and visible red spectrum 
but which require considerably less 
pumping poyvcr than ruby masers pre- 
viously reported, were described here 
recently by International Business Ma- 
chines (IBM) Corp. 

Using calcium fluoride crystals— a 
standard optical material-in which one- 
tenth of 1% of the calcium ions have 
been replaced either by trivalent (lack- 
ing three of the normal number of elec- 
trons) uranium or divalent (lacking 
two) samarium, IBM pumps the ions to 
higher energy levels with a xenon flash 
lamp. The lamp, emitting a very nar- 
row beam of broad-band white light, 
mostly in the blue-green spectrum, is 
placed about eight inches from the 
crystal and trained on the center of the 
crystal through a small quartz lens. 

Emissions from both uranium and 
samarium-type masers arc coherent. 
IBM scientists predicted that, with im- 
proved dielectric ends on the crystals, 
the new materials will be able to pro- 
vide continuous radiation. Optical 
masers using ruby crystals have so far 
been able to produce only pulsed rndia- 

These new masers exhibit four en- 
ergy levels, compared with three found 
in rubv. The fourth (terminal) is lo- 
cated between the lowest (ground) en- 
ergy level and the intermediate (meta- 
stable) energy level. 

As described in Bell Telephone Lab- 
oratories work on ruby masers (AW 
Oct. 24. p. 75), the ions are at rest 
prior to excitement by an external light 
source. Under pumping action from the 
lamp, the ions are raised to an unstable 
peak energy level. At this peak, the 


ions interact with the ions of the host 
crystal, give up some energy and drop to 
a less unstable, or metastable, energy 
level. The drop is rapid and no radia- 
tion occurs between these two levels. 

In ruby masers, the ions then fall 
from the metastable level to the ground 
level, emitting light in the process. But 
with uranium and samarium, IBM said, 
the ions drop to the terminal level (this 
band rapidly absorbs ions from the level 
above it and rapidly drops them to the 
level below it, thus remaining always 
relatively unpopulated compared with 
the ground level), and it is between 
these two levels that stimulated emis- 
sion occurs in uranium and samarium- 
type masers. No radiation is emitted in 
the last fall from the terminal to the 
ground level. 

Because of this characteristic. IBM 
said, these new materials require from 
500 to 1.000 times less pumping power 
than do ruby units to raise ions to 
higher energy levels. 

Uranium absorbs energy from the 
xenon lamp at 5,500 angstroms, or in 
the green band, giving the crystal a red 
color. It emits infrared radiation at a 
wavelength of 2.5 microns. Samarium 
absorbs at 6,300 angstroms, or red band, 
making the crystal green. It emits at 
red light .708 microns. 

NEW AVIONIC 
PRODUCTS 


• Panel indicator light. Model S55S-DS, 
mounts in S in. diameter hole and is 
shrouded so that light is not emitted 
from its sides. Bi-color version is col- 
ored when lit. white unlit. Color-Litc 
Division, Sloan Co., 7704 San Fernando 
Rd.. Sun Valley, Calif. 

• Rectifier stacks, mounted in dual- 
fin heat sinks and measuring 3 x 3i 
in. over-all are available in 5 to 50 amp. 
current ratings and with peak reverse 
voltage ratings of 50 to 500 v. Silicon 
diodes in the single phase bridge stacks 



are 6 and 12 amp. diffused junction 
cells. Additional data contained in Bul- 
letin SR-331 is available on request. 
Prices range from approximately Si 2 to 
$80 each in quantities from i to 90. 
International Rectifier Corp., 1521 li. 
Grand Ave., El Scgundo, Calif. 
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PERFORMANCE PLUS BECAUSE... 



The best are blended together. A substantially greater striking range 
at supersonic speeds occurs when the newest air-to-ground nuclear 
missile, the North American Aviation GAM-77 Hound Dog is mated 
to its launching platform, the Boeing B-52 intercontinental bomber. 
In the Hound Dog and its pylon, Hi-Shear rivets are widely used 
throughout the entire stucture. Additionally in each B-52, tens of thou- 
sands of titanium Hi-Shears are used in primary structure... these light 
weight fasteners literally save hundreds of pounds of structural weight 
. . . resulting in more range and greater payloads. 

Hi-Shears, Hi-Torque bolts as well as the new preload controlled Hi- 
Lok fasteners are available in high strength materials up to 5% chrome 
die steel ( 1 56,000 psi shear— 280,000-300,000 ultimate tensile range ) 
and in temperature materials including 17-4PH to 900°, A286 to 
1300° Inconel X to 1400°, Rene 41 and M252 to 1750° and Vz% 
Ti-Moly (Hi-Shears only) to 2700-2800°F. 
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SPACE TECH NOLOGY 


Simulator to Aid Spacecraft Ground-Test 


By Edward H. Kolcum 

Philadelphia— Simulator designed to 
improve spacecraft reliability through 
realistic ground testing in an integrated 
space environment is under construc- 
tion here by General Electric’s Missile 
and Space Vehicle Department. 

The GE simulator will have a vacuum 
chamber large enough to accommodate 
full size spacecraft, and it will have 
what is expected to be the only colli- 
mated sun source in existence when it 
goes into operation in March. 1962. 
Project Advent communications satel- 
lite will be one of the first space vehicles 
to be tested in the facility. 

GE established final design and sys- 
tems performance requirements for the 
advanced space simulator last month. 
Building to house the S6 million facilitv 
is under construction at MSVD’s Valiev 
Forge Research Laboratory. 

The facility will have an ultra-high 
vacuum cell duplicating extreme space 
vacuum: cold and highly absorptive 
chamber walls to provide cold black 
thermal conditions of space, and a 
sophisticated sun source provided by 
energy from an array of 7 Itw. mercury 
arc lamps reflected to the test specimen 
in parallel rays by an off-axis segmented 

Benefits From Simulator 

With the environmental simulator, 
GE foresees the ability to: 

• Resolve thermal balance problems and 
be able to design lighter and more ad- 
vanced spacecraft. 

• Assess spacecraft and systems perform- 
ance. permitting development of com- 
ponents without the expense of actual 
flights. 

• Design the most efficient thermionic 
and photovoltaic solar power systems. 

Frank E. Stchlik. research laboratory 
manager, and Lou Miehclson. who su- 
pervises construction of the simulator, 
told Aviation Week the environmental 
chamber is being designed with growth 
potential and eventually may simulate 
effects on spacecraft of explosive de- 
compression. ozone, staging shock, vi- 
bration. gamma and X-rav radiation, 
meteoric dust and planetary atmosphere 

The cylindrical vacuum cell, 32 ft. in 
diameter and 54-ft. high, will be built 
of s in. stainless steel. Size is considered 
adequate for full scale manned and un- 
manned flight payloads now' foreseen. 
Chamber will accommodate a test speci- 
men with a maximum single dimension 


of 30 ft., large enough for most vehicles 
planned through 1966. 

Among advanced vehicles considered 
in setting final simulator configuration, 
size and design were 1 5-ft. solar paddles, 
manned life boats, recovery craft, ma- 
neuverable spacecraft, soft and hard 
lunar impactors. Advent communica- 
tions satellite, Agcna engine and 
manned space suit systems. 

Largest vehicle considered for the 
simulator was the manned Dyna-Soar, 
which is estimated to have a maximum 
single dimension of 20 ft. 

Design Problem 

Miehclson said the most difficult 
problem in vehicle design is determin- 
ing the thermal balance of a spacecraft. 
Analytical solution of the problem 
would take several man years, he said, 
while the simulator can perform the 
same task in a single run, by direct 
measurements. 

The heat problem arises because a 
space vehicle exchanges energy with its 
surroundings by radiation in low pres- 
sure. In space, energy sources are the 
sun and the earth. Earth emits infrared 


radiation, and the albedo, or reflected 
solar radiation. Albedo from other 

E ilancts is considered an insignificant 
actor in energy transfer considerations. 

This thermal condition is difficult to 
simulate in ground facilities because of 
temperature, reflectivity and incomplete 
absorptivity of chamber walls. General 
Electric’s method of reducing simulator 
error is to cool highly absorptive wall 
panels with liquid nitrogen at a tem- 
perature of — 382F. 

Inner chamber is covered with a pat- 
tern of black aluminum panels through 
which cold nitrogen is pumped. Vehicle 
outgassing effect is controlled with a 
second set of panels, to which radiated 
molecules will attach themselves and be 
exhausted by diffusion pumps. Liquid 
helium is the working fluid in this cryo- 

S nic pumping operation, which will 
:eze out most residual gases. 

Vacuum system has been designed to 
meet two requirements: 

• Ability to maintain a pressure of 1 0‘‘ 
mm. of mercury under heavy loads, with 
maximum pressure of 10'" mm. of mcr- 

• Ability to outgas radiated molecules 
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Simulator Availability 

Phitadclphia— Genera 

Electric proj- 


on the Valiev 

Forge space simulator. 

but competitors 

and the government w 


the facility on a tim 

available basis. 

GE estimates the faci 
$700-51,000 an hour. 

ty will rent for 


from the test specimen so they cannot 
rebound from chamber walls and im- 
pinge on the test specimen. 

Pump Systems 

The test cell will be equipped with 
four systems of pumps. Pressure of 10"* 
mm. of mercury will be obtained with 
mechanical roughing pumps. Oil vapor 
diffusion pumps will be used to remove 
non-condensable gases. Effect of cold 
black space will be obtained with liquid 
nitrogen pumped through panels, and 
high speed cryostats will pump the 
helium gas-freezing system. 

Normal pump-down will take about 
4 hr., but the facility' will be able to 
duplicate the same pressure reduction a 
spacecraft experiences on launch by pro- 
graming a high-speed operation with 
the same time sequence as a flight pro- 
file. 

Most novel feature of the environ- 
mental chamber is the solar subsystem, 


which, combined with the black space 
nature of the test cell and pumping ca- 
pability, is expected to provide an ac- 
curate measure of thermal balance. 

General Electric's solar system is the 
first which will provide parallel rays of 
the same brightness and intensity as 
the sun uniformly over the area of the 
test specimen. Distributed lighting sun 
sources are in use, but GE said distrib- 
uted lamps give overlapping beam pat- 
terns, with uneven distribution of lu- 
minosity. 

Requirement for spectral distribution 
similar to the sun resulted in develop- 
ment by GE’s Large Lamp Department 
of a 7 kw. high energy xenon-mercury 
lamp which emits ultraviolet light. 
Brightness of the sun could be simu- 
lated with carbon arcs, but the spectrum 
is different, and the short lifetime of 
the carbon arc makes this source unat- 
tractive. GE hopes its new 7 kw. lamp 
will have a 1,000-1,500 hr. lifetime. 
Mercury Lamp Arrangement 

Four banks of high-power mercury 
arcs will be placed equidistant around 
the vacuum chamber and will be focused 
on four parabolic mirror sections, which 
have the characteristic of reflecting a 
collimated, or parallel beam. Panel ar- 
rangement and absorptivity prevents re- 
flection of light back to tlie mirrors. 

The beam is designed to produce the 


same effects as the sun— an energy of 
130 watts/sq. ft. Combined energy from 
earth's albedo and its infrared radiation, 
65 watts/sq. ft., will be simulated by 
other lamps when the spacecraft is af- 
fected by this energy. 

In addition to determining thermal 
balance of a spacecraft, the sun system 
will be used to assess a variety of solar 
collectors. Company plans to check 
solar cell coatings as well as efficiency 
ot direct-conversion thermionic cells and 
two-stage photovoltaic cells. Latter sys- 
tem uses a metal such as germanium, 
which releases photoelectricity when it 

Preliminary plans have been made by 
GE to attempt simulation of all but 
two of the other known environmental 
characteristics of space. Duplication of 
the effects of high nuclear and cosmic 
radiation, estimated at 20 billion elec- 
tron volts, is not being considered. No 
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method has been devised to duplicate 
zero gravity over extended periods. 

Conditions which will be incorpo- 
rated in the simulator in future instru- 
mentation phases include: 

• Ozone, which is highly corrosive, and 
is found in a free state in the upper 
atmosphere. Long-term effects of ozone 
on spacecraft are largely unknown. 
Ozone will be generated by using an 
infrared filter on the ultraviolet light 

• Shock, from staging and orbital trans- 
fer mating. Test vehicle will be im- 
pacted at forces ranging up to 35g to 
simulate staging, and to 2-5g to simulate 
rendezvous docking. 

• Explosive decompression to be accom- 
plished by blowing a hole in a space- 
craft in an ultra-high vacuum. 

• Vibration, in which the test vehicle 
will be sting-mounted and subjected to 
low frequency, high amplitude motion. 

Social Impact Studies 
Suggested to NASA 

Washington-Brookings Institution 
has proposed 30 high-priority research 
projects as the beginning of a long-range 
program aimed at determining the likelv 
social impact of peaceful space activi- 

Report on the year-long Brookings 
study is the third completed in a pro- 
gram funded by the National Aeronau- 
tics and Space Administration through 
its committee on long-range studies 
(AW Nov. 21, p. 28) on the socio- 
economic implications of space research 
and exploitation. 

If Brookings' suggestions are followed 
NASA would set up a core of senior 
social scientists who would develop sup- 
port for sociological studies, identify 
and assign priority to problems, man- 
age in-house and contracted research 
and apply the findings. 

Principal author of the Brookings re- 
port is. Donald M. Michael. The study 
began last December and was funded 
under a S96.000 contract. The institu- 
tion said the full range of potential 
studies was so great that a choice was 
made to develop a program which 
would most effectively contribute to 
NASA’s statutory responsibility, which 
includes the study of socially beneficial 
areas in space research. As a result, 
Brookings recommended research efforts 
to determine the impact of space re- 
search on: 

• Industry’, by studying the apportion- 
ment of NASA business to space firms, 
examining the history of technical 
change and the way corporations adjust 
to change and studying economic and 
political objectives of regulating space 
activities. 

• Government operations, including 
means of retaining a highly trained staff 
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in NASA interagency cooperation, ca- 
reer motivation and relationships be- 
tween the President's science adviser 
and the NASA administrator and the 
respective groups that work with them. 

• Communications satellite design, by 
determining demand for increased capa- 
bility: means of serving private enter- 
prise, the nation and special interest 
groups; appropriate division of roles and 
responsibilities; arrangements for inter- 
national negotiations for use of the sys- 
tem; international control, and types of 
learning possible with satellite telecom- 

• Weather satellite forecasting, by de- 
termining the makeup and development 
of a world-wide weather organization, 
possible weather control, effect on farm- 
ers and farm policy, effect on tourism 
and recreation, and national and inter- 
national support. 

• Technical byproducts of space re- 
search, such as power sources, structural 
materials and reliable electronics com- 
ponents. Watchdog groups are consid- 
ered necessary to identify new products 
with non-space applications, cost-con- 
sumption relationships and automation 
effects. 

• Foreign relations, by determining size 
and nature of sharable programs; study- 
ing the novel, complementary or com- 
peting programs of international groups: 
identifying the differences between U. S. 
and Soviet systems and cultures, and 
studying the influence of space activi- 
ties on decision-making in foreign coun- 

• Attitudes and values changed or re- 
inforced by space activities, which in- 
volves a study of wavs to assign priori- 
ties between competing scientific and 
social efforts: determining public state 
of the knowledge of on-going and 
projected programs; examining public 
knowledge, expectations and attitudes 
toward Project Mercury and the pilots; 
determining the effects of discovery of 
life on other planets, and determining 
historical factors which have influenced 
support or rejection of new ideas and 
technologies. 

UN Action Expected 
On Space Conference 

Washington— International interest in 
the United Nations Space Conference 
has been revived, and the UN Secretary 
General is expected to ask the Outer 
Space Committee soon to negotiate a 
time, place and agenda. 

If a decision is made to hold the 
conference in 1961, attempts will be 
made by some U.S. members of the 
International Astronautical Federation 
to have the UN meeting held in Wash- 
ington and to combine it with the 12th 
annual IAF congress. 

The IAF congress originally was 


scheduled for New York City late next 
fall, near the time of the host American 
Rocket Society’s annual meeting, but 
it now has been shifted here. The at- 
tempts to combine the two would be 
aimed at ensuring that neither over- 
shadows the other, and at getting a 
larger attendance for both. 

The official U. S. viewpoint may not 
favor a combined meeting, since the 
UN conference is looked upon as the 
first opportunity to exchange technical 
information on an official basis— a neces- 
sary requisite to negotiated cooperative 
space programs— and IAF is not an 
official body. 

The U. S. has maintained that tech- 
nical and legal agreements cannot be 
based on cither unofficial international 
meetings such as the IAF congress, or 
meetings of quasi-official bodies such as 
the Committee for Space Research 
(COSPAR). 

Strained U.S.-Soviet relations have 
prevented development of detailed 
plans for a UN space conference, even 
though a General Assembly resolution 
passed a year ago called for a confer- 
ence in i960 or 1961. 

Now, however, there arc indications 
that at least 21 nations want to partici- 
pate in such a conference. Thev in- 
clude the U. S. and the USSR, and Al- 
bania, Argentina. Australia, Austria, 
Belgium. Brazil. Bulgaria, Canada. 
Czechoslovakia. France. Great Britain. 
Italy, Japan. Mexico, Iran, India, 
United Arab Republic. Poland, Swe- 
den, and Ukrainia. 

New Tracking Ships 
Scheduled for AMR 

Cape Canaveral— Defense Depart- 
ment will spend S51.6 million to con- 
vert two C-4 cargo ships into floating 
tracking stations to augment Atlantic 
Missile Range capability. 

Conversion of the 11, 000-ton World 
War II ships is the major clement in a 
S62.9 million range modernization pro- 
gram approved earlier this month. 
Other improvements will include ad- 
vanced telemetry, optical, timing, data 
distribution and processing equipment, 
to cost S9 million, plus improved range 
communications nets, to cost S2.1 mil- 
lion. and continued precision geodetic 
surveys, costing SI 50.000. 

Tire C-4 vessels will carry radar, com- 
munications. telemetry and infrared in- 
strumentation and will provide a flexible 
means of extending the island chain. 
The ships arc 520-ft. long and will carry 
104 persons, including 54 missile in- 
strumentation technicians. 

Advanced equipment for the land sta- 
tions will be used for development of 
Minuteman. Centaur and Saturn pro- 
grams. Installation of the new instru- 
mentation will begin immediately. 





Aeronutronic Tests 
Ranger Lunar Capsule 

Newport Beach, Calif.— Instrument 
capsule for Ranger lunar vehicle, being 
developed by National Aeronautics and 
Space Administration, is being sub- 
jected to laboratory environmental tests 
here by Ford Motor Co. Aeronutronic 
Systems Division. 

The 300-lb. spherical capsule has 
been exposed to temperatures as low 
as — 320F and will be tested at high 
temperatures later. Temperatures on 
the moon range from — 250F during the 
lunar night to 250F in the lunar day. 
A lunar night is equal in length to 17 
earth days. 

Electronic equipment in the capsule 
is intended to operate at 751*’. Solar 
power system is expected to generate 
enough heat to offset radiation losses. 

Tests are being carried out in Acro- 
nutronic's vacuum test chamber. A 
circulating liquid nitrogen cold trap was 
installed in the chamber for the tests 
and the capsule was placed in the trap. 

The lunar capsule will carry a seis- 
mometer to detect moonquakes as well 
as other instruments. It will transmit 
for a month or more. The capsule will 
be transported to the moon bv the 
Ranger spacecraft now being designed 
by California Institute of Technology's 
Jet Propulsion Laboratory and an Atlas- 
Agena B launch system (AW May 16. 


p. 69). The spacecraft will transmit 
close-up photos until the capsule sep- 
arates and will measure radioactivity 
till it is destroyed by impact. 

Hawaiian Site Bid As 
Next Launch Facility 

Washington— Hawaii is making a 
strong bid to have the next space 
vehicle launching facility located in its 
island chain and has sponsored a study 
which concludes that the Mauna Kea 
summit meets all criteria required of a 
polar and equatorial launch site. 

Located on the sparsely-populated 
island of Hawaii, Mauna Kea is re- 
ported to have favorable launching 
weather 95% of the time with sub- 
stantial low-cost land available for space 
operations. 

Area capability study for the state 
planning office was made by an engi- 
neering and construction team of Par- 
sons-Law and Wilson. Report on the 
study indicates that the Mauna Kea 
extinct volcano site could provide: 

• Maximum travel over water to elimi- 
nate international problems. Polar 
launching trajectories would be entirely 

• Best opportunity for equatorial 
launches of any location in the U.S. 
At a north lattitude of 19.5 deg., Ha- 
waii is nearer the equator than any of 
the other states, and the initial 4jS00 


mi. of an equatorial launching path 
would be over water. 

• High use of existing and proposed 
tracking, control, communications and 
data acquisition facilities of the Pa- 
cific Missile Range. 

Study proposes that a launch com- 
plex be located at the Mauna Kea sum- 
mit. which is at an altitude of 13,784 
ft. Proposed industrial support complex 
would be the southwest slope about 10 
mi. from the summit, convenient to 
the main island city of Hilo. 

Launch site suggested is a relatively 
flat area of several hundred acres with 
a solid rock foundation. Both launch 
and summit area are owned by the 
state and have assessed values ranging 
from S1-S5 per acre. 

Electric power and water require- 
ments for the complex can be met. and 
an adequate labor pool is available to 
construct the facilities, according to the 
report. Land lines and high density mi- 
crowave communications facilities are 
available, with only 75 of the 240 mi- 
crowave channels presently in use. 

Facility* would use the port of Hilo, 
194 naut. mi. from Honolulu, and four 
airports as transportation facilities. The 
island chain is served by 10 airlines, 
which account for 75% of its passenger 
traffic, and eight steamship lines. 

The main airport. General Lvman 
Field, has 5.600 ft. and 6,500 ft. run- 
ways, and the 6.500 ft. runway is being 
extended to 10.800 ft. to serve as an 
alternate for Honolulu International 


The Kabanov Effect 

Washington— Soviet Union has 

lai Kabanov for his "outstanding dis- 
covery" that high frequency radio waves 
back-scattcr from the ionosphere as well 
as being reflected, according to Moscow 
News. The "Kabanov Effect," as the 
discovery henceforth will be known ac- 
cording to the Soviets, will enable radar 
to probe anywhere around the ’ earth 
instead of being linc-of-sight limited. 

to select “the most advantageous fre- 

cations," according to Moscow News. 

The Soviets make no mention of the 
U. S. Navy’s Project Tepee missile de- 
tection system, publicized 15 months 
ago, which employs ionospheric back 
scatter of HF radio waves. The Soviets 
also ignore Air Force experiments in 

ported bv Aviation Week more than 
seven years ago (AW Aug. 17, 1953, 
p. 327) out of which came the Com- 
munication Zone Indicator (COZI) for 
determining optimum HF frequencies 
for communications with any desired 
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Boeing Confident on Minuteman Profits 


New York— Financial community 
speculation that Boeing Airplane Co. 
would retain as little as 1 5% of Minute- 
man funding, making the size of the 
USAF solid propellant intercontinental 
ballistic missile business for Boeing only 
a fraction of one of its previous jet 
bomber programs, appears to be overly 
pessimistic. 

Current Boeing Minuteman con- 
tracts total more than S300 million. 
This is more than 15% of the total 
program, according to II. W. Haynes. 
Boeing vice president-finance, and this 
is just the initial phase of the over-all 
program. 

Boeing’s portion of the program as 
associate prime contractor could well 
approach the magnitude of a program 
as the B-47, Haynes told the New York 
Society or Security Analysts. Boeing's 

• Development and production of 
major components of ground support 
equipment and transportation equip- 
ment, test and instrument subsystems 
and missile interstage structure. 

• Test program covering the entire mis- 
sile, silo and launching system, instru- 
mentation and firing. 

• Missile assembly at Ogden, Utah, and 
assembly of the complete weapon sys- 
tem at launch sites. 

• Base design and equipment installa- 
tion. including a broad responsibility for 
coordination and surveillance to assure 
bases reaching operational status on 
schedule. 

Optimism Contrasted 

Haynes' relative optimism on Boe- 
ing's Minuteman share was in contrast 
to the caution of Boeing President 
William M. Allen before the analvsts in 
December last year (AW Dec 28/ 1954, 
p. 81). Allen said then that Minuteman 
would not approach the size of Boeing's 
B-47 program and that Boeing, to meet 
the changing pattern prevailing in 
weapon system contracting, would have 
to win more of the smaller contracts 
expected to maintain sales volume. 

Haynes pointed out that the Minute- 
man program had been accelerated and 
Boeing’s part in it had become firmer 
since Allen's appearance. The mobility 
program has entered the picture and the 
base development and design responsi- 
bilities of Boeing have been specified. 

Status of other current programs at 
Boeing include: 

• B-52. Current funding for the B- 
52G, phasing out. and the B-52H ex- 
tends the program into 1962 and Boe- 


ing hopes improvements will extend 
production life. 

• Bomarc. Current funding entends 
deliveries into the fall of 1962. Future 
possibilities are a mobile version or 
foreign sales. 

• KC-135. Total orders to date cover 
564 aircraft and the 72 airplanes pro- 
vided for by Fiscal 1961 funds will 
extend deliveries into the fall of 1962. 

• Dyna-Soar. Boeing has basic responsi- 
bility* for design, manufacture and test 
of the glider portion as well as broad 
coordinating functions for the booster, 
launch complex, down range instru- 
mentation, etc. Suborbital flight tests of 
an unmanned glider are to begin in 
three years, and manned suborbital 
flight is to follow. Present contracts are 
for research and development. 

Division of Dyna-Soar responsibility 
sparked a question based on an appear- 
ance before the analysts a week before 
by William B. Bergen, president of the 
Martin Co. Bergen was quoted by the 
questioner as saying that. "Boeing has 
the glider and Martin has everything 
else." The cryptic reply from Allen, 
who accompanied Haynes: "It depends 

Diversification and the future in gen- 
eral of the aerospace industry* were 
touched on by Haynes, who noted that 
Boeing was diversifying broadly in its 
traditional fields of defense products 
and air transportation. 

To illustrate, he provided a Boeing 
sales comparison: 

1957 1960 

Military aircraft, spares . . . .92% 38% 

Missiles and space 8% 30% 

Commercial aircraft, spares. . - 32% 

Boeing is looking at "non-traditional” 
fields for expansion, Haynes said, but 
feels its first moves ought to be in areas 
covered by current Boeing technical and 
administrative capabilities. 


“There is a tendency," Haynes said, 
“to look at an aerospace company 
almost as if it were living on borroxved 
time— as if each production program 
were its last. We think this is un- 
realistic. 

"The leaders of the aerospace in- 
dustry are geared to provide a necessary 
and continuing service to the country. 
The military and commercial markets 
are, in total, large and growing. Of 
significance, of course, is the substantial 
increase in competition for these 
markets. Such factors are basic to our 
planning. 

"Assuming the existence of a growing 
market, the basic strength of a com- 
pany as a business enterprise does not 
lie in its backlog of contracts— or even 
in the number and types of proposals 
in the mill [and they* arc many]— but 
in the totality and quality of its re- 
sources— technical. manufacturing, ad- 
ministative, financial and managerial.” 

As to its commercial jet transport 
programs. Haynes said Boeing estimated 
a total world market for 1,800 airplanes 
and that Boeing's share of this market 
should sustain a commercial production 
program through the next decade (see 
chart). 

Total Market 

Military orders for jet transports were 
included as a possibility by Haynes. 
Boeing has submitted proposals for the 
Military Air Transport Service interim 
buy based on both the KC-135 and the 
707. “In fact, “llavncs said, "the C-135 
model which we have proposed would 
be an off-the-shelf aircraft, the price of 
which would be well below the prices of 
other jet aircraft entered in the com- 
petition.” 

Boeing's pre-tax loss on the 707-720 
program on the basis of firm orders is 
slightly in excess of SI 50 million. 


World Jet Transport Market 
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which, I! ay lies said, is substantiallv 
below the indicated loss at the end of 

1959. Not only have new orders helped, 
but greatly improved cost trends de- 
veloped this year. 

Boeing actually reported a SI 52 mil- 
lion loss at the end of 1959 on the 
program (AW May 2, p. 177), but if 
no more orders had been received in 

1960, inventory write-downs and write- 
offs might have carried the total pre- 
tax loss as high asS200 million in 1960. 

Haynes estimated 1960 total sales at 
SI, 575 million and earnings at S22-24 
million or S2.75-S3.00 a share. Current 
programs could increase 1961 sales and 
push earnings to $4 a share, he added. 

The latter figure takes into account 
negotiations under way with the services 
over sharing of certain allowable re- 
search and development expenses. 
Haynes said Boeing probably would 
wind up with a share at least as high 
as Grumman’! 50% (AW Nov. 7, p. 28) 
and that it might well be somewhat 
higher. 

Navy Delineates Tough 
Procurement Policies 

New York— Navy is following up its 
drive (AW Oct. 24, p. 2S) for better 
weapons at lower costs and delineating 
its tougher procurement policies in 
more detail. Planned steps include the 
following: 

• More precisely worded production 
timetable clauses in contracts, with 
scaled penalties for failure to deliver 

• Fixed-price contracts for secondary 
production, when first-run production 
has clearly identified weapon costs. 

• Preference to initially accept fixed- 
price bids over cost plus fixed fee (with 
both bids meeting technical require- 
ments) or at any point in a program's 
development, even for first-contract, 
research and development projects. 

• Further reductions in government- 
provided facilities, general purpose tools 
and equipment. 

Rear Adm. Paul D. Stroop, chief 
of the bureau of naval weapons 
(BuWcps), and Rear Adm. Joseph E. 
Dodson, assistant chief for fleet readi- 
ness within BuWeps, set forth the 
Navy’s position at the American Ord- 
nance Assn, meeting here on Dee. 7. 
in anticipation of a formalized BuWcps 
policy instruction to be published soon. 

BuWeps policies, Adm. Stroop said, 
contain the best features of the former 
BuOrd (Bureau of Naval Ordnance) 
and BuAer (Bureau of Naval Aero- 
nautics) procurement philosophies. For 
aircraft and most major missile svs- 
tems, the old BuAer system of perform- 
ance specification and design competi- 
tion will be used in the selection of 
contractors. Since these large weapon 
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systems involve heavy investments in 
facilities and tools and usually some 
proprietary design rights. Navy will 
continue sole source procurement with 
one contractor for the over-all system. 
Components, however, are expected to 
be broken out for competition or small 
business set-asides. 

Adm. Dodson said that Navy would 
like to see contracts contain penalty 
clauses for slipped scheduled production 
dates similar to those penalties now 
being imposed for failure to meet per- 
formance and reliability specifications. 
Although Navy can reward improved 
performance, lower costs or higher re- 
liability through incentive clauses in 
contracts, he said that there could be 
application of this feature for beating 
production deadlines because of ex- 
penditure ceilings and the meshing of 
production deliveries with deliveries of 
support equipment, training programs, 
build-up of spare parts, etc. 

Further, Adm. Dodson said, Navy is 
getting out of the facility business. 
When BuOrd and BuAer merged, there 
were 44 Naval Industrial Reserve Air- 
craft and Ordnance Plants (NIRAPs 
and NIROPs); today there arc 30 Naval 
Weapon Industrial Reserve Plants 
(NWIRPs); 45 government owned and 
operated plants have been cut down to 
41 and more will be released as re- 
quirements permit. 

Contractors who intend to continue 
in the defense business must be pre- 
pared to provide their own facilities 
and tools, Adm. Dodson warned, and— 
except in instances where production 
is limited, yet requires extensive invest- 
ment in facilities and tools-not look 
to the government to provide the means 
of production. 

Documentation required under con- 

areas, Adm. Stroop told the Ordnance 
meeting. For aircraft, where sole source 
procurement is the rule, documenta- 
tion sufficient for operation, overhaul, 
repair and maintenance purposes will 
be sought. For smaller weapons, mis- 
siles and underwater ordnance items, 
complete and detailed documentation 
will be required so as to facilitate com- 
petitive secondary procurement. 

Weapons Development 
Cost-Cutting Urged 

Los Angeles— Rising development 
costs of military weapon systems arc 
a serious threat to the nation’s defense 
effort, John II. Rubcl, Deputy Director 
of Defense Research and Engineering, 
warned a meeting here of the Institute 
of Radio Engineers. 

The relative cost of weapon systems 
development compared with weapon 
system procurement has been increas- 
ing rapidly during the last several years 

AVIATION WEEK, December 26, 1960 


until it now equals half the cost of 
hardware procurement, Rubel said. 

Within the last few months, the 
Defense Department has been con- 
fronted with requests for more than 
$500 million for several major missile 
programs beyond what originally was 
budgeted for them, Rubcl said. 

Increasing percentage of the Defense 
research and engineering budget, which 
now totals S6 billion a year, is going 
for fewer and fewer major programs. 
More than one third of this figure is 
being used to support five programs: 
Titan. Minuteman. the B-70, Nike 
Zeus and the Polaris fleet ballistic mis- 

"It is important to utilize our avail- 
able resources with prudence and wis- 
dom.” Rubel said. Many of the present 
upward cost trends must be altered, and 
in some instances reversed, if we are 
to maintain a wholesome balance in the 
choice of weapons developed for de- 
fense. he said. "This growth in costs 
limits our flexibility and heightens the 
importance of nearly every decision we 

On the subject of Defense Depart- 
ment decisions on the relative merits 
of individual weapon system programs, 
Rubcl said that it is important that 
the technical problems and project de- 
tails required by Defense officials in 
making such decisions "be available 
in an objective, digestable and in a 
timely manner.” 

Because there is a practical limit on 
the number of qualified people and 
dollars available for defense, every “ves” 
decision by the Pentagon, authorizing 
continuation or expansion of one pro- 
gram, means that one or more “no” 
decisions must be made on other pro- 
grams, Rubel pointed out. 

The deputy director of defense re- 
search and engineering called on indus- 
try to help the military hold down 
embellishments which add relatively 
little to over-all weapon system effec- 
tiveness. but increase costs and delay 
program completion. Rubcl also called 
for more candor and less "brochurc- 
mansliip” in industry's proposals, brief- 
ings and reports to the Defense De- 
partment. 

Aeroflot Claims Pilots 
Have Better Benefits 

Moscow-Aeroflot. which pays its fly- 
ing personnel less than many major 
Western carriers, claims that the lower 
cash income is more than balanced by 
the better working conditions of Soviet 
crew members. 

Trade union officials who carry on 
propaganda work among Aeroflot per- 
sonnel, contend that Soviet jet trans- 
ports’ large, five-man crews increase 
safety and that pilots get more time off 
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than in capitalist countries. They say 
Aeroflot crew members "as a rule” re- 
ceive 24 working days leave twice a 

Average flight time for pilots of Aero- 
flot's piston-engine planes are 8 hr. daily 
and 120 hr. monthly, for turbojets 7 
hr. daily and 60 hr. 'monthly, and for 
turboprops 61 hr. daily and 70 hr. 
monthly. In addition, flying personnel 
are guaranteed at least 41 hr. of unin- 
terrupted rest each week. 

Record Earnings 
Forecast by Lear 

New York— Lear, Inc., estimates it 
will earn a record $2,800,000 on sales 
of more than $90 million in 1960, ac- 
cording to Albert G. Ilandschumacher, 
corporation president. 

Handschumacher told the New York 
Society of Security Analysts that the 
company also soon will produce micro- 
circuitry for its own instruments from 
a new Solid State Physics Laboratory 
and will be able to supply it to other 
manufacturers next year. 

Lear in 1959 had net earnings of S2,- 

407,000 on sales of $87,002,000. As of 
last Sept. 50, the company had $210,- 
000 in outstanding debentures. Present 
capital investment is SI 1.8 million and 
Lear expects to add another 100,000 
sq. ft. of plant space this vear and early 
1961. 

Mergers And 
Acquisitions 

Bcndix Corp. has purchased the 
Micrometrical Manufacturing Co., a 
firm that produces equipment for meas- 
uring the surface finish of metal, paper 
and plastic materials. Micrometrical’s 
land and building in Ann Arbor, Mich., 
will be used by Bcndix under a long- 
term lease and the company will con- 
tinue under its present name and man- 
agement as a subsidiary of Bcndix. 

Itck Corp., Waltham, Mass., has pur- 
chased from M. Steinhal and Co., para- 
chute manufacturers, and CBS Labora- 
tories, their joint venture company. 
Space Recovery Systems, Inc., of Los 
Angeles, Calif. Space Recovery Sys- 
tems is currently working on crew es- 
cape capsules for the B-70 program and 
on the design and manufacture of para- 
chute recovery systems for Army drone 
aircraft. 

Electro-Science Investors, Inc., Dal- 
las, Tex., has purchased over 80% 
equity in Knapic Electro-Phvsics, Inc., 
Palo Alto, Calif., for $2,000,000. The 
equity consists of convertible deben- 
tures and common stock. Knapic Elec- 
tro-Physics produces 40% of the silicon 
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and germanium crystals used in the 
U.S. for the manufacture of semicon- 
ductive devices such as transistors, rec- 
tifiers, diodes and solar cells. 

Financial Briefs 

Perkin-Elmcr Corp., Norwalk, Conn., 
earned $138,710 on sales of $5.4 mil- 
lion for the first three months of 
its 1961 fiscal year ended Oct. 31. 
In the same period last year, company 
sales were S3. 2 million and earnings 
were S55.550. 

Aerospace Research Inc. is a new re- 
search and development firm with of- 
fices and laboratories in Cambridge, 
Mass. In addition to research and de- 
velopment, the company will conduct 
theoretical studies, field measurement 
programs and data reduction and an- 
alysis in the fields of radio propagation, 
communications, solid state instrumen- 
tation and ionospheric physics. 

Electro-Tec Corp., South Hacken- 
sack, N. J., sales for the first half of 
Fiscal 1960 ended Oct. 31 were $2,844,- 
000, a gain of 34% over the S2,l 20,000 
reported in the same period a vear ago. 
Net income was $117,000 on'592,500 
shares outstanding versus $106,000 on 

500,000 shares outstanding a year pre- 


Ctibic Corp., San Diego, Calif., ex- 
pects to double its 1960 per-share earn- 
ings over 1959. Earnings at the three- 
quarter mark in 1960 rose to $238,190 
from SI 44,022 in the same period last 
year. Sales for the first nine months of 
i960 were up to $6,422,102 compared 
with $3,633,177 at the same time last 

ITT had earnings of $21,137,268 for 
the first nine months of 1960. This 
compares with earnings of $18,670,- 
120 for the first nine months of the 
previous year. Total sales and revenues 
by Sept. 30, 1960, were $580,058,955, 
an increase of $47,052,447 over nine 
month earnings for 1959. Sales and 
earnings for both years were restated 
to exclude the accounts of ITT's $35,- 
000,000 investment in Cuban sub- 
sidiaries which were confiscated by the 
Cuban government. 

Camloc Fastener Corp., Paramus, 
N. J., reports preliminary net income 
of $157,127 for the nine months ended 
Sept. 30. Eamings for the same period 
last year were $338,033. Sales in the 
initial nine months of 1960 were $2,- 
748,970 as compared with $3,921,651 
for that period last year. 

Varian Associates, Palo Alto, Calif., 
recorded a 21% increase over last year's 
sales of $38,483,543, bringing this year’s 


figure to $46,482,031. Earnings for the 
fiscal year ended Sept. 30 were 52,861,- 
886 compared with the previous year’s 
$2,580,340. 

Rohr Aircraft Corp., Chula Vista, 
Calif., net earnings for the three months 
ended Oct. 31 amounted to $985,462, 
more than double the $442,675 for the 
same period last year. Sales for the 
quarter came to $33,177,098, compared 
with $50,095,658 for the quarter a year 
ago. Reinstatement of the North 
American B-70 program (AW Nov. 14, 
p. 37) will add substantially to the com- 
pany’s defense work schedules, particu- 
larly in the area of brazed stainless 
honeycomb sandwich structures. Rohr 
contracts call for manufacture of wing 
components and fuselage bulkheads for 
the Mach 3 aircraft. 

Northrop Corp. reports a net income 
for the three months ended Oct. 30 
of $2,042,000, compared with earn- 
ings of $1,463,000 for the first quarter 
of last year. Sales in the first quarter 
of this year amounted to $62,028,000. 
First quarter sales in 1959 were $55,- 
873,000. 

Emerson Electric Manufacturing 
Co., St. Louis, Mo., had sales of $125,- 
468,1 1 1 for Fiscal 1960. Earnings for 
the year were $6,000,310. Sales and 
earning for Fiscal 1959 were $91,332,- 
950 and $3,938,717 respectively. 

The Budd Co.’s Canadian subsidiary 
has changed its name from Tatnall 
Measuring and Nuclear Systems, Ltd., 
to Budd Instruments, Ltd. The Cana- 
dian firm has also moved its offices 
from Toronto to Don Mill*, Ontario. 
Budd Instruments, Ltd., makes strain 
gages, digital strain indicators, switch 
and balance units, radiography equip- 
ment, eddy current testing equipment 
and magnetic particle testing equip- 


Piper Aircraft Corp. reported sales in- 
creased 17% and earnings 26.6% in its 
1960 fiscal year ended Sept. 30. Sales 
figures were $40,212,000 compared with 
$34,263,000 in 1959 and earnings were 
$3,523,000 or $3.50 a share as against 
$2,782,000 or $3 a share the previous 
year. Piper expects lower earnings next 
year, partly because of production start 
costs at Vero Beach, Fla., on the all- 
metal four-place Cherokee. 

Servomechanisms, Inc., El Segundo, 
Calif., reports net sales of SI 0,196,000 
for the first nine months of 1960 ended 
Sept. 30. After writing off $682,000 in 
new product development costs, the 
company had a net loss of $771,000. 
Sales for the first nine months of 1959 
were $10,816,000; net loss was $246,- 
000 . 
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New Offerings 

National Aeronautical Corp., Ft. 
Washington, Pa., engaged in develop- 
ing, manufacturing and selling radio 
communication and navigation equip- 
ment for civilian airplanes; Air-Shields, 
Inc., a subsidiary acquired in August, 
1960. is engaged in the development, 
manufacture and sale of specialized 
medical equipment. Offering is 60.000 
shares of common stock for public 
sale; offering price and underwriting 
terms to be supplied by amendment. 
Proceeds will be used to prepay all 
mortgages on the plants of the two 
companies (aggregating some $260,000); 
to prepay all bank loans (amounting to 
$446,250 on Aug. 31); $300,000 to con- 
struct an addition to Air-Shields’ manu- 
facturing plant, including enlarged 
facilities for laboratories and offices; 
the balance for working capital. 

Lake Central Airlines, Inc., Indian- 
apolis, Ind., engaged in the transporta- 
tion by air of passengers, property and 
mail now servicing 33 cities through 29 
airports in Indiana. Ohio, Michigan, 
Illinois. Pennsylvania and New York. 
(It is anticipated that the company will 
be authorized to extend its services 
into Washington and Baltimore, adding 
15 new cities to its system.) Offering 
is 130,000 shares of $20 par con- 
vertible preferred stock for public sale; 
offering price and underwriting terms 
to be supplied by amendment. Pro- 
ceeds from the sale of the preferred 
stock and S3.000.000 from an equip- 
ment loan from 1 lie Indiana National 
Bank of Indianapolis will be used as 
follows: SI ,90 5.000 for the purchase 
of five Convair 340 aircraft, including 
modification and spare parts (the bal- 
ance due on the purchase price of 
$2,850,000); $800,000 for the purchase 
of 10 DC-3 aircraft, including modifi- 
cation and spare parts; S350.000 for 
the purchase of ground equipment; 
$250,000 for pre-operating and train- 
ing expense in connection with new air- 
craft and additional service facilities: 
$500,000 for the repayment of an out- 
standing mortgage note: SS4 5,000 for 
the repayment of outstanding interim 
equipment notes: $650,000 for addi- 
tional working capital. 

Loral Electronics Corp., New York, 
N. Y., primarily engaged in the re- 
search, development and production of 
electronic equipment for military use. 
Offering is S 5.000.000 of convertible 
subordinated debentures, due Decem- 
ber, 1980, for public sale: interest rate, 
offering price and underwriting terms 
to be supplied by amendment. Of the 
proceeds, $2,000,000 will be used to 
defray the cost of additions to plant, 
equipment and other facilities, of which 
about $1,000,000 will be used in con- 
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nection with the company's commercial 
operations; the balance to be used in 
whole or in part to acquire the stock or 
assets of other businesses if suitable op- 
portunities arise for such purchase, or 
to meet the working capital require- 
ments arising from any such acquisi- 
tion. Any proceeds not so used will be 
used to meet expected increased re- 
quirements arising from the growth of 
the company’s business, for working 
capital to carrv a greater volume of re- 
ceivables and inventories. 

Rohm &• Haas Co., Philadelphia. Pa., 
manufacturers of chemicals for industry 
(Plexiglas for aviation). Offering is 

9,000 outstanding shares of common 
stock for public sale by the executors 
of the estate of Otto Haas, former 
board chairman and president; offering 
price and underwriting terms to be sup- 
plied by amendment. 

The Sicglcr Corp., Los Angeles, 
Calif., engaged in the manufacturing 
of military electronics, commercial and 
industrial electronics, heating and cool- 
ing, acro-spacc components and special- 
ized machinery. Offering is 410.000 
shares of common stock and 105,000 
shares of no par cumulative convertible 
preferred stock, to be offered to stock- 
holders of Jack & Heintz, Inc., upon 
consummation of a proposed merger 
of Jack & Heintz into Siegler, if such 
merger is approved by stockholders of 
both companies. The stockholders of 
Jack & Heintz will receive common 
shares of Sicglcr at the rate of 0.55 
shares of Siegler stock for each out- 
standing share of Jack & Heintz com- 


mon unless, in lieu of common stock, 
they elect to receive shares of preferred 
stock of Siegler. The rate of exchange 
of the Siegler preferred stock for the 
Jack & Heintz common stock is to be 
supplied by amendment. 

Jack & Heintz is engaged primarily 
in the design, development and manu- 
facture of electric power generating 
systems and equipment and accessory 
and support equipment for militarv and 
commercial aircraft, ordnance vehicles 
and missiles and related ground sup- 
port equipment. 

International Electronic Research 
Corp., Burbank, Calif., which was in- 
corporated under California law in 
1953, has developed and manufactures 
an accessory for use with electron tubes 
known as a heat-dissipating tube 
shield. In addition, it operates a preci- 
sion machining facility doing subcon- 
tract work in the aircraft and rocket 
engine industry, and manufactures cer- 
tain precision a. c. instruments. Offer- 
ing is 220.000 shares of common stock; 

1 1 0,000 shares to be offered for public 
sale by the company, and 110,000 out- 
standing shares by the present holders 
thereof. Public offering price and under- 
writing terms to be supplied by amend- 
ment. Proceeds from the sale of addi- 
tional stock will be used to repay bank 
loans, outstanding as at Dec. 1, 1960, 
in an amount of $124,000; to pay the 
balance due, $430,125. in connection 
with the company's purchase of assets 
of Millrich Industries, Inc.; to pay the 
$13,432 balance due on equipment 
purchase contracts; the remainder to 
increase working capital. 
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FLAT nacelles designed for the Continental IO-470-L fuel injection engines on tlic Beech Baron twin are 78 in. wide. 


Avialion Week Pilot Report: 

Beech Enters Baron in Light Twin Market 


By Herbert J. Coleman 

Wichita, Kan.— Beech Aircraft Corp. 
has filled a gap in its product line with 
development of the new Model 55 
Baron light twin, designed for a high 
degree of safety, a maximum of speed 
and performance and an eye on compe- 
titive aircraft. 

The Baron (AW Nov. 21, p. 31) 
spans the so-called product gap between 
the Beech Travel Air and the Twin Bo- 
nanza, according to V. L. Gaston, man- 
ager of Baron and Travel Air Sales, as 
part of Beech’s continuing development' 
program. 

But the Baron, a five place plane 
which sells for $58,250, is pitted in 
the business plane market— dominated 
particularly by owner-operated aircraft 


—against the Piper Aztec ($52,990) and 
the Cessna 310 ($62,500), both popu- 
lar airplanes with a marked impact on 
over-all sales that are estimated at $70 
million in 1961-62. 

The new Beech already has had a 
strong impact on production in the 
Wichita plant. So far, 30 planes have 
been built and Beech is working on a 
revised production schedule increasing 
the original plan for 125 planes in 
1961. 

Beech is building the Baron on 
about a one-a-day basis at present, ac- 
cording to Paul H. Edwards, assistant 
manager of Beech Plant No. 2 where 
the Baron is mixed on one production 
line with Travel Airs. Thirty Barons 
have been rolled out so far. 

On a nearby line, which produces a 


complete airplane readv for flight test 
every 3 hr. 20 min., is the single-en- 
gine Debonair. Edwards, backed by 
other Beech executives, says the Baron 
will go out almost as fast whenever or- 
ders warrant. The company now has 
orders for the 125 airplanes it planned 
to build and top company officials admit 
that figure was conservative, “as it 
would be with any new airplane.” 

These orders mostly are for domestic 
delivery. But Beech has high hopes for 
the Baron overseas and has one airplane 
now in Gennany at Travel Air GmbH.. 
Bremen, for demonstration, with four 
more headed that way soon. 

R. E. Staggs, assistant manager of 
export-militarv-flcet sales, said foreign 
orders now total 20. He is strongly con- 
cerned with getting demonstrators in 
key areas, such as South America, Mex- 
ico, Canada and Japan. 

The demonstrator for Japan will be 
flown there to C. Itoh & Co., Ltd., 
Tokyo, by Leo Sanders, company serv- 
ice representative, via a varied trip 
through central Europe, Italy and the 
Far East. Sanders will make a service 
tour— with an inevitable sales pitch— on 
his way to Tokyo. 

First Baron to South America goes to 
Will S. Smith, S. A., of Buenos Aires. 
Argentina, and the next to Aeromex 
S. A. de C. V., Chihuahua, Mexico, 
Others, as thev become available, will 
be flown to the Philippines, Venezuela, 
Uruguay and Canada. Three arc sched- 
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uled for Transair S. A., which handles 
distribution in Switzerland, France, 
Italy and Austria. 

Basically, the plane is a follow-on to 
the Travel' Air. in that it utilizes prime 
components such as the cabin, wing 
and landing gear. Big change is in en- 
larged seating and baggage capacity, a 
swept tail one-third larger than the 
Travel Air's and two Lycoming IO- 
470-L 260 hp. fuel injection engines, 
horizontally opposed and encased in 
flat nacelles jutting well ahead of the 
pilot's compartment. Nose compart- 
ment has been streamlined to include 
an additional baggage compartment, 
the battery and radio gear, and rear 
windows have been enlarged to provide 
excellent visibility for passengers and 
almost 180-deg. capability for the pilots. 

It has been designed for— and flown 
in-high load factor conditions, accord- 
ing to M. J. Gordon, manager-commer- 
cial engineering, who noted that the 
Baron has been certificated for penetra- 
tion speeds of 194 mph. through tur- 
bulence of 45 fps. In addition, Gordon 
said, control system has been improved 
for smoother, more precise handling and 
a dorsal fin has been added to increase 
strength and stability of the enlarged 
vertical tail section. 

To evaluate the Baron, this Aviation 
Week pilot flew the airplane with 
Warren F. Filer, assistant manager- 
flight operations, on a 36F day with 
moderate winds. Plane carried half its 
fuel load of 140 gal. (39 gal. in each of 
two main tanks and 31 gal. in each of 
two auxiliary tanks) since it had been 
flown steadily during the morning pe- 
riod for visiting dealers. 

The Baron has a gross weight of 
4,880 lb. and a useful load of 1,920 lb. 
It can carry five persons and their lug- 
gage (270 lb.) over a 1,000 mi. range at 
216 mph. at 65% cruise power. Beech 
claims. Top speed is 230 mph. 

In general, the flight evaluation 
showed that the Baron in most cases 
slightly exceeds its published figures. 
Gordon said the Baron went through 
a complete Federal Aviation Agency 
certification program and this was fol- 
lowed by Beech's own flight test pro- 
gram, despite the fact that the aircraft 
utilizes many Travel Air components. 

The Baron is a sturdy, but sleek- 
looking plane which is roomy yet com- 
pact. Entry' is made from the left side 
and there is ample room for pilots, since 
the seats have a long travel. Baron flown 
was N 9335Y. 

Starting sequence is simple and dif- 
fers little from that of other twins, ex- 
cept that Beech has revised the mag- 
neto system to incorporate separate 
switches for left and right mags on both 
engines. Each engine has its own starter 
button. 

The Baron is easy to taxi and has a 






glc: using caution, we put the Baron in 
a 45 deg. climb until speed dropped to 
just under 90 mph. This produced a 

3.500 fpm. climb rate, still using take- 
off power of full throttle and 2,500 rpm. 
Climb Rate 

Climb rate is one of the Baron’s 
strong features. On this flight, it took 
about 5 min. to reach 7,500 ft. Beech 
performance tables call for a climb to 

12.500 ft. in 12 min. 

Even though the Baron's climb is 
excellent, it is the ease and smoothness 
of transition to level cruise speeds that 
is impressive. After leveling off at 7,500 
ft., speed quickly built up from 140 
mph. to an indicated 208 mph.. using 
22.5 in. of manifold pressure and 2,400 
rpm. This trued out to about 220 mph. 

The Baron, with its high cruise speed 
and good visibility, will be a good 
cross-countrv airplane. New back 
window allows for about 330 deg. of 
risibility from the pilot's seat; nearly 
all of both horizontal stabilizers can be 
seen. Pilot's windshield has consider- 
able depth for forward visibility, both 
up and down. 

Over-all, the Baron has fighter-like 
handling capability, in that responses to 
control pressures are quick and light. 
For demonstration purposes. Filer put 
the Baron in a 90 deg. bank, indicating 
190 mph.. and then rolled it through the 
axis to the opposite 90 deg. without 
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ductor refused to permit it in the coach and the baggage man could 
not take any article whose greatest dimension exceeded 1 yard. The 
length of the rifle was 1.7 yards. What could the hunter do? 
Current developmental work in our Guidance Systems Laboratory 
includes gas spin bearing gyros, an astro-inertial navigation system, 
and miniature inertial platforms. 

answer to last week's problem; The amount of information 
present is inconsistent with a proposition based on a priori 
probabilities. 

E LITTON INDUSTRIES 

Beverly Hills, California 




losing altitude or airspeed. Control ac- 
tion was smooth throughout. For nor- 
mal category purposes, however, only 
60 deg. maximum banks are permitted. 

Stall Phase 


In the flight safety regime, the Baron 
shows up well in stalls, both clean, 
power on and off, and single engine. In 
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the power-on phase, in clean configura- 
tion, the Baron stalled with a shudder 
that gave ample warning— plane has a 
stall warning light and buzzer— at about 
50 mph. indicated. Published figure at 
full gross is 67 mph. 

Nose dropped straight through the 
horizon and speed quicklv returned to 
the 200-plus indication, when wc feath- 
ered the right engine by reducing the 
throttle and mixture controls to full- 
feather and idle-cutoff detent positions. 

This routine was flown at 65 % power 
throughout. Flying straight and level, 
feeding in necessary trim, the speed fell 


off to 140 mph. and stabilized there. 
At maximum power, with cowl flap 
open, Baron climbed at about 300 fpm. 
before it was stalled with power off. 

This time, the nose dropped sharply 
and the Baron turned into the dead 
engine. But with hands off the controls, 
the nose gradually lifted in the spiral 
and took on a fairly gentle glide, with 
speed building to 140-150 mph. 

In another single-engine, power-off 
stall, Baron was put into a 30 deg. bank 
into the operating engine, nose lifted 
and then forced into a stall regime. 
The plane shuddered but continued its 
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Artist’s conception of fusion-photon intergaiactic space vehicle 


If you are an experienced industrial engineer capable 
of contributing imaginative solutions to advanced 
manufacturing problems, you will certainly want to 
consider carefully one of the immediate positions 
available at Convair/San Diego. 

If you have a degree in industrial engineering and 
several years of aircraft or missile experience, that is 
most desirable. However, a degree in a related engi- 
neering field and a background in another assembly or 
fabrication industry will be acceptable. 

The men selected will be responsible for methods. 


plant and product layout, facilities utilization and 
processes, manpower control, and cost reduction. 
They must be capable of directing small groups of 
technical specialists assigned to specific problems in 
the manufacture of conventional and space vehicles. 
A prompt interview will be arranged with qualified 
respondents. Please direct your resume to Mr. 
M. C. Curtis, Industrial Relations Administrator- 
Engineering, Convair/San Diego, 3900 Pacific 
Highway, San Diego, California. All inquiries will 
be acknowledged. 


CONVAIR/SAN DIEGO 



GENERAL DYNAMICS 



BARON'S powcrplants arc Continental fuel injection engines, shown with cowling removed. 


turn under full control, even though 
the ailerons were deliberately aggravated 
by sharp movements at this time. 
Again, the Baron was rolled to straight 
and level flight and the speed again 
built up to a bit less than 140 mpli., 
still using only 65% power on the left 
engine. 

With this high degree of perform- 
ance. the built-in safety factor is obvi- 
ous. Another is the let-down perform- 
ance for instrument flight; with power 
off, the Baron will let down at 90 mph. 
after trimming it for a 500 fpm. descent. 
This maneuver also is accomplished 
hands-olf, if desired. 

Entering traffic at Wichita for land- 
ing, gear was dropped at 140 mph. on 
the downwind leg. No flaps were used 
until turning onto the final approach, 
when full flaps were dropped at 120 
mph. and a final approach speed of 
1 10 mph. was established. Elareout was 
made at about 90 mph.. about 10 mph. 
faster than necessary, and plane touched 
down on the first third of the runway. 
Roll was short and plane could have 
been stopped much sooner with slower 
approach and use of brakes. 

In the production phase, many of the 
Baron parts, such as struts, are fabri- 
cated in Beech Plant No. 1 and then 
trucked to Plant No. 2 across the field 
for final assembly. 

Nose and tail cones are made of 


plastic in a Plant No. 2 section. In 
addition, this department manufactures 
the rear window frame out of U. S. 
Rubber Co. Rovalite. The company 
also manufactures its own foam rubber 
for seats and has a large department 


set up for design, cutting and installa- 
tion of foam rubber and a wide array 
of scat fabrics. 

Control system was modified from 
the Travel Air system, Edwards noted. 
Primary controls are operated through 



These positions offer both challenge and 
reward to men interested in analytical and 
experimental research studies on helicopters 
and other V/STOL aircraft. Work will be 
extremely varied and will include prelim- 
inary evaluations of novel configurations, 
as well as long-range research studies on 
the mechanics of flight at low speeds. 
Corporate-sponsored and with strong man- 
agement backing, this program offers both 
personal security and advancement oppor- 
tunities to outstanding men with M.S. 
degrees. Facilities include a complex of 
modern wind tunnels, a variety of rotor and 
propeller test equipment, and the nation’s 
largest industrial computational laboratory. 
Publication of papers is encouraged. 

Since expansion in this program requires 
that we fill these positions immediately, 
write today to Mr. W. D. Walsh, 
Personnel Dept.: 
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LETTERS 


Bird Hazard 

While reading about the dent in the air 
scoop (AW Oct. 31, p. 40) I am reminded 
of the time I flew through a flock of small 
birds in England during the war. I had 
reduced throttle in a Pol so I could slow 
down and lower the wheels when I saw a 
flock of birds ahead. The visibility was 
about a half mile and when I saw the birds 
I was so close to them that I had to pull 
up rather sharply— right into another Hock 
above and beyond the first. My airspeed 
had dropped to 200 mph. and I hit about 
a dozen of the birds. The airplane shook 
and- each impact felt and sounded as if I 
had hit a brick. After landing I found 
dents in the leading edge as big as a fist 
and an inch deep. Considering the thick- 
ness of a P-51 leading edge it took terrific 
impact to make the dents. An English 
pilot told me that the birds were ptarmigan. 

Incidentally, the starlings on the Boston 
runway probably were descendants of the 
100 European birds introduced into Central 
Park in 1890. 

Cl.AY STEFFEE 

Kissimmee, Fla. 

GSE Specifications 

Just finished reading your fine article 
titled "Ground Equipment Costs Show 
Steady Rise," Oct. 24 issue, p. 32. 

Maj. Gen. Austin Davis and Lt. Gen. 
Bernard A. Schriever obviously don't under- 
stand the problem at hand when they indi- 
cate that industry is trying “to evade" com- 
pliance with dear old MIL-D-9412C (and 
amendments thereto). Which party or 
group can understand this specification? 
WADD, AIA, and AF Bulletin #317 
(dated May 18, 1960) have presented in- 
terpretations— but they don’t agree with 
each other. So, how can one branch of 
industry make a proper interpretation of this 
mumbo-jumbo document when leaders of 
industry themselves can't do it? 

Gen. Davis, 1 ask you very simply, just 
what arc the specific requirements you want 
industry to give your Command as a result 
of the intent of MIL-D-9412? 

It is the general consensus that this ducu- 

accomplishcd on a weapon system in order 
to determine the GSE requirements. If 
this is a true interpretation (and I know 
of no other document stating otherwise), 
what do you want contained within the 
body of the maintenance analysis? I recog- 
nize that other MIL Specs exist that require 
other pieces of information above and be- 
yond justification for GSE requirements 
and. therefore, should (I believe) also be 
made a part of the maintenance analysis 
requirements. Items such as GSE spares, 
weapon system spares, maintenance require- 
ments, design monitoring, et cetera, are 
all but a small part of a maintenance an- 
alysis, however, MIL-D-9412 docs not call 
these items out, yet this Spec docs establish 
the analysis requirements. In view of this 
it would seem highly practical that a MIL 
Spec should be designed to delineate the 
requirements for a maintenance analysis pro- 


Aviation Week welcome s the opinions 
of its renders on the issues raised in the 

letters to the Editor. Aviation Week , 

330 W. 42nd St.. New York 36. N. Y. 
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gram in direct reference to all aspects of 
support for a weapon system, rather than 
piecemeal in a dozen different MIL Speci- 
fications. It is also suggested that a chron- 
ological sequence be established when levy- 
ing commitments on contractors to fulfill 
specification requirements. So what if the 
specification is a little longer— at least it 
should be clear without question what is 
meant. The weapon systems are getting 
to be more complicated, but I don’t see 
any reason for the complication of direc- 
tions to be followed when mere information 
is required. 

I understand that a "D" revision is to 
be released for MIL-D-9412. I can only 
hope that this revision will clarify what 
all previous ones have failed to do-clearly 
state your requirements! Amen. 

Tin's is my first letter to the “Wet 
Handkerchief Department" of Aviation 
Week, so I might as well add this note by 
saying that other existing MIL Specifications 
should be viewed with an eye toward re- 
visions for clarification, for it goes without 
saying “If we lose communicative contact 
with each other then we lose peace with 
each other." Frustrated Engineer 


Industry Stability 

Your editorial of Nov. 14. "Supersonic 
Transport Race.” is very appropriate coming 
just after the political campaign has ushered 
in a Democratic administration. You covered 
the subject very well, but I feel there is one 
other point that is very important to this 
subject and all of aviation and its related 
industries. 

Higher costs and inflation usuallv follow 
any accelerated program that is government 
sponsored. This in turn limits the program. 
Now that most of the groups representing 
employes are friendly toward the new ad- 
ministration, they could take this problem 
as their number one responsibility in con- 
junction with the employers. 

Assume that the aviation industry em- 
ployers and employes would sign a 10-ycar 
contract to maintain present basic wage 
rates, and yearly contracts to cover other 
items. This would give the industry stability 
that would make long-range planning more 
realistic, provide means for reducing costs, 
and provide a definite plan for increased pro- 
duction at lower costs to meet foreign com- 
petition. More jobs would be available and 
with less uncertaintv. In fact our entire 
economy would change; our foreign friends 
would not hesitate to joint us rather than 
our enemies. You and I would go out and 
buy that second car. those new- appliances, 
that new furniture, and many other things 
we have been needing so long. 

The first employer-employe group to 


establish such a long-range working plan will 
surely start the trend that will save these 
United States from disaster of its own 
making. I would like to see the aviation 
industry accept this challenge, and make 
sure that the first “supersonic transport” 
carries the red, white and blue of the U.S.A. 
How about hearing some comments from 
employer and employe groups on such a 
plan? I am sure Aviation Week will give 
your letters adequate space. 

Harry G. Bancerter 

Whittier, Calif. 


Minuteman Bases 

What is the rationale of rushing the con- 
struction of the Minuteman bases in 
Montana (AW Nov. 7, pp. 71-77), under 
the most difficult and expensive construc- 
tion conditions possible, when the missile 
has not once been flight tested and is very 
unlikely to reach operational status until 
well alter the completion date of at least 
the first several base flights? 

Is there a real need for the schedule to 
call for nearly all of the base flights to be 
started under winter conditions and proceed 
on crash basis, or would the program 
to make the missile operational suffer by 
virtue of later completion dates for the 

Is it possible that the Corps of Engi- 
neers’ Ballistic Missile Construction Office, 
worried about base construction slippage 
in other programs, has placed unnecessarily 
stringent demands on the potential con- 
tractor and backed them up with slippage 
fines in order to show just how tough tile 
Office can be? 

It seems to me, an engineer not con- 
nected in any way with base construction, 
that potential contractors will submit very 
high bids for the Minuteman base job to 
protect themselves from the big whip 
wielded by the BMCO. If this is merely an 
example of the old Army game of "hurry 
up and wait," the nation will be paying a 
high price for the exercise. 

Frank R. Heath 
Pittsburgh, Pa. 

GV-1 Wing Pods 

I would like to call your attention to an 
ciror in your Nov. 14 "issue (p. 33). The 
picture of "Production JctStars Readied for 
Flight Tests” contains a United States 
Marine Corps Model GV-1 airplane in the 
left background and not a “C-130 Hercules 
with long-range fuel tanks under wings.” 
The under wing pods of the GV-1 contain 
the hoses and reels for the air refueling 
(AR) svstem. The airplane in the photo 
graph is probably GV-1 BuNo 147573 or 
Lockheed Number 3555. Immediately be- 
hind the CV-1 is a Douglas A4D-2N which 
is bailed to Lockheed for development work 
in connection with the AR system. 

Capt. Robert E. Solliday, USMC 
Naval Air Test Center 
U. S. Naval Air Station 
Patuxent River, Md. 

(Capt. Solliday is correct. — Ed.) 
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Tailoring new re-entry materials with a white-hot needle. This is a 
10-megawatt arc jet “needle." Avco uses it to test heat-shield materials under simu- 
lated re-entry conditions. Avco has capabilities for developing new materials to meet 
whatever thermal environmental conditions may be encountered by a re-entering nose 
cone, satellite or space probe. Examples: Avcoite, reinforced-quartz protector of the 
first ICBM nose cone recovered after flight . . . Avcoat, special all-plastic formulation 
which can be cast, sprayed or painted on. Other exotic materials are on the way as 
Avco tailors new ceramic-plastic composites to surmount re-entry obstacles. 
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